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82-Foot Prestressed 


‘Incor’ Box Beams 
—SPAN TROUBLED WATERS 





@ Among the flood control projects in the State of Pennsylvania is the Stillwater 
Reservoir that impounds waters of the Lackawanna River. Relocation of the high- 
way in that area was part of the project, which included bridging the east branch of 
the river. 


Need for economy and speed of erection in construction of the bridge determined 
the use of 36 long-span, prestressed, hollow box beams, each measuring nearly 82 
feet in length, weighing $1 tons. Fabricated by Atlantic Prestressed Concrete 
Company in Trenton, New Jersey, the beams were transported over mountainous 
terrain to job site—a distance of 170 miles. 


Economies were effected in the casting operation through use of ‘Incor’*, America’s 
FIRST high early strength portland cement, making possible early stripping of 
forms and fabrication at production-line speed. 


Fabricator and engineers alike merit high praise in solving the knotty problems of 
transporting and erecting these giant beams—an outstanding performance in 


efficiency and skill. 
*Reg. U. S. Pat. OF. 
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The October JouRNAL, dressed up for a memorable 
event in ACI history—the dedication of the new 
Institute headquarters building on October 29, 
1958—has been designated the dedication issue. 
Three individual papers submitted by Munort 
YAMASAKI, architeet; CHar es 8. Wuirney, struc- 
tural engineer; and JOHN STRANG, contractor, re- 
count some of the challenges in conception and 
execution of this unique ACI structure. 
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Also in the dedication issue, LYNDON We.Lcu discusses 
design and construction of a folded plate roof in ‘‘Folded 
Plate Dome Ideal for Auditorium,’’ Design principles 
applied by Fe.rcx J. Samuery in ‘Folded Slab Con- 
struction” include some of his work on folded slab 
roofs, stair landings, and galleries, with special atten- 
tion to shear forces at folds, and to stresses produced by 
differential deformation in the slabs 


a 
“R/C Core Main Structural Element in 22-story 
Office Tower,” by Orro Sartr, describes a struc- 
ture built for the British Columbia Electric Co. at 
Vancouver. 


J. R. Gaston and Ervinp HoGNestap present their 
joint paper on “Precast Concrete Girders Rein- 
forced with High Strength Deformed Bars.’ 
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A trio of well-known authors, A. C. Scorpe.is, T. ¥ 

Lin, and H. R. May, presents “Shearing Strength of 

Prestressed Concrete Lift Slabs.”’ 
“Origin, Evolution, and Effects of the Air Void 
System in Concrete. Part 4—The Air Void Sys- 
tem in Job Concrete” concludes a series of papers 
prepared by Ricwarp C. Mie.enz, Viapimir E. 
Wo.tkoporr, JAMes EF. Backstrom, and RicHarp 
W. Burrows. 
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SYNOPSIS 


This subcommittee report is intended as a supplement to ACI Standard 
‘Recommended Practice for Selecting Proportions for Concrete (ACI 613-54)” 
and describes a procedure for proportioning structural grade concrete containing 
lightweight aggregates. This procedure does not require the use of values for 
specific gravity or absorption of the aggregates but utilizes a “‘specific gravity 
factor.’’ Use of this factor is illustrated and examples are included for propor- 
tioning both air-entrained and non-air-entrained mixes. 


CHAPTER 1—INTRODUCTION 
101—Scope and limits 
(a) Under this title the subcommittee has limited its discussion and rec- 
ommendations to structural grade lightweight aggregate concrete. Structural 
lightweight concrete is defined as having a 28-day compressive strength in 
excess of 2000 psi and an air dry unit weight less than 115 lb per cu ft. Many 
expanded shales, slates, clays, slags, and some natural aggregates, such as 
scoria, are used in this class of concrete. Proportioning of very lightweight 
concrete used primarily for insulation is not included. 

*Title No. 55-18 is a part of copyrighted JounNAL or Tue American Concrere Inetirure, V. 30, No, 3, Sept. 
1958, Proceedings V. 55. Separate prints are available at 50 cents each. Discussion (copies in triplicate) should reach 
the Institute not later than Dec, 1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 

This wnest was prepared as a part of the work of ACL Committee 613, Recommended Practice for Proportioning 
Concrete Mixes. The report was submitted to the main committee (26 members) with 17 voting affirmatively and 
none negatively. It is released by the Standards Committee for publication and discussion with view to its con 
sideration for adoption as an Institute Standard at the 55th annual convention, Los Angeles, Calif., Feb. 23-27, 
1959. 

tDeceased, 
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(b) The principles of normal weight concrete proportioning as established by 
ACI Standard “‘Recommended Practice for Selecting Proportions for Concrete 
(ACI 613-54)” apply directly to lightweight aggregate concretes, but generally 
the application of these principles is difficult. However, conventional pro- 
cedures may be used with good results for such lightweight aggregates as are 
generally characterized by rounded particle shape, coated or sealed surfaces, 
and relatively low values of absorption. 


CHAPTER 2—FACTORS AFFECTING PROPORTIONS OF 
LIGHTWEIGHT CONCRETES 


201—General 


(a) Some lightweight aggregates have absorption values of more than 12 
percent and so may have more than 200 lb of absorbed water per cu yd of 
concrete. The question of how much water is absorbed and how much water 
actually occupies space in the concrete is the principal difficulty in proportion- 
ing by absolute volume procedures, when applied to this class of lightweight 
aggregates. The high values of absorption and the fact that the absorption 
may continue at an appreciable rate for several days make it difficult to de- 
termine correct values of absorption and specific gravity of the aggregate. 
Because of these complications the established relationships cannot be applied 
with the same confidence as for normal weight aggregates. 


(6) The net water-cement ratio of most lightweight aggregate concretes 
can nol be established with sufficient accuracy for use as a basis of mix pro- 
portioning. Lightweight aggregate concrete mixes are established by a series 
of trial mixes proportioned on a cement content basis at the required con- 
sistency. 


202—Aggregate 


(a) Several investigators'.?.*.* have determined that the moisture content 
of the aggregate immediately prior to mixing has little effect on the compressive 
strength of the concrete. Whether the aggregates are dry or have free surface 
moisture makes little difference as long as the moisture content is known and 
accounted for at the time the aggregates are batched. Dry aggregates produce 
concrete of lower unit weights than wet aggregates and allow easier control of 
batch quantities. Concrete made with saturated aggregate will be more 
vulnerable to damage by freezing and thawing than concrete made with dry 
aggregate. However, it is desirable that the aggregates be damp at the time of 
mixing to reduce the amount of water absorbed from the mix and so reduce the 
rate of loss of slump. Damp materials also show less tendency to segregate 
during storage and transportation than dry materials. When the aggregate 
is in a less than saturated condition, it is desirable to mix the aggregate with 
about two-thirds of the required mixing water for a short period prior to intro- 
duction of cement and air-entraining admixture. This reduces the effective 
loss of cement into the vesicles in the surface of porous aggregates. 
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(b) The grading of the fine and coarse aggregate and the proportions used 


have an important effect on the concrete. A well graded aggregate will have 
a minimum void content and so will require a minimum amount of paste to 
fill these voids. This will result in the most economical use of cement and will 
provide maximum strength with minimum volume change due to drying 
shrinkage and temperature changes. 


(c) For sand-and-gravel aggregates the bulk specific gravities of materials 
retained on the different sieve sizes are nearly equal, so the fineness modulus, 
on a weight basis, gives a true indication of the volumes occupied by each size 
of material. However, the bulk specific gravity of the various size fractions 
of lightweight aggregate increases as the particle size diminishes. 
aggregate particles may float in water while the particles finer than the No. 100 
sieve have a specific gravity approaching that of sand and gravel. It is the 
volume occupied by each size fraction and not the weight of material retained 
on each sieve that determines the final void content, paste content, and 
workability of the concrete. The fineness modulus by weight and by volume 
for a lightweight aggregate are computed in the following example. 


Some coarse 


| . 
Cumulative 








Cumulative 
Percent percent Percent percent 
Sieve retained, retained, Specific retained, retained, 
size by weight by weight gravity by volume | by volume 
4 0 1.40 — -- 
s 21.6 21.6 1.55 25.9 25.9 
16 24.4 46.0 1.78 25.4 51.3 
30 18.9 64.9 1.90 18.5 69.8 
50 14.0 78.9 2.01 13.0 82.8 
106 11.6 90.5 2.16 9.9 92.7 
Pan 9.5 100.0 2.40 7.3 100.0 
Fineness modulus (by weight) = 3.02 Fineness modulus (by volume) = 3.23 


(d) The fineness modulus (by volume) of 3.23 indicates a considerably 
coarser grading than that normally associated with the fineness modulus of 
3.02 by weight. From data presented by Richart and Jensen' on another 
lightweight aggregate, the fineness modulus of 2.83 on a weight basis converts 
to 3.21 on a volume basis. Therefore, lightweight aggregates require a larger 
percentage of material retained on the finer sieve sizes, on a weight basis, than 
do the heavier aggregates to provide an equal void content. Grading and other 
properties of lightweight aggregate for structural concrete are specified in 
ASTM C 330. 


203—Air entrainment 

(a) Air entrainment is desirable in most concrete. It improves workability 
and resistance to weathering, and it decreases bleeding and obscures grading 
deficiencies. Strength is generally reduced, but the reduction is not great with 
normal air contents, particularly when cement content is maintained, and 
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becomes important only with richer mixes. The advantages of air entrainment 
are most apparent in lean or otherwise harsh mixes where strengths may 
actually be increased. Most lightweight aggregate concretes will contain 
from 2 to 4 percent entrapped air, but this has negligible effect on workability 
and durability and additional entrained air is desirable. The durability of 
lightweight aggregate concretes has generally been considered to be very good 
even without air entrainment.?.* However, where air entrainment is required 
to provide protection against freezing and thawing, it is recommended that 
all lightweight aggregate concretes contain not less than 6 percent total 
(entrapped plus entrained) air. T. C. Powers’ and others have shown that the 
spacing of the air bubbles is more important than the total quantity of air en- 
trained. But since this factor cannot be readily determined in the field, ade- 
quate weathering protection can only be assured by the use of recognized 
air-entraining admixtures and by obtaining the recommended quantities of 
entrained air. 


(b) There are several methods of determining the amount of entrained air. 
It is indicated by the difference in unit weights of similar concrete mixes with 
and without an air-entraining admixture and with the water adjusted to 
provide a given slump. It can be computed from these mixes since the differ- 
ence in volumes of the two batches plus the volume difference in water require- 
ment equals the volume of purposely entrained air. It can also be computed 
by use of the “specific gravity factor’ which is discussed later in this report. 
The pressure type meter can be used if it is properly calibrated, although with 
many air-entrained lightweight concretes it must be used at reduced pressure. 
The volumetric method described in ASTM C 173-55T gives the most reliable 
results and this method is recommended. It has the advantage that the 
air content of both air-entrained and non-air-entrained concrete can be 
measured, 


CHAPTER 3—ESTIMATING PROPORTIONS 


301—Proportions of fine and coarse aggregate 

(a) A good estimate of the proportions of fine and coarse aggregate may be 
obtained by the maximum density method. The proportions are adjusted 
to produce a maximum unit weight of the combined aggregate. Due to the 
difference in the specific gravities of the fine and coarse fractions the curve 
may not show a maximum at a point below 100 percent of the fine fraction; 
however, a rather sharp change in curvature will be observed. This change in 
curvature is indicative of the region of minimum void content, and can be 
verified by computation if values of the apparent specific gravities of the coarse 
and fine aggregate fractions are known, Results of such procedure are illus- 
trated in Fig. 301 (a). 


(b) This procedure will generally indicate that, for 44-in. maximum size ag- 
gregate, material passing the No. 4 sieve should be between 40 and 60 percent 
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of the total aggregate, based on dry ’ : 

loose volume. As ‘he maximum size Unit Weight 
of aggregate decreases the proportion 
of fine aggregate increases. With air 
entrainment and richer mixes a lower 





percentage of fines is normally used. 
The void content changes only slightly 
between limits of 40 and 60 percent. 
The amount of fine aggregate is gen- 
erally kept as low as possible while 
still providing a margin of safety for 
good workability. However, some 
producers of lightweight aggregate 
concrete have found that maximum 
strengths are not obtained by using 
the largest quantity of coarse aggre- 





gate. The relatively weak physical 


. . 20 ac ) 60 80 
structure of the large size aggregate 


sh % Fin by Ory 1b Vol 
reduces the concrete strength if an SiteeaLe to 
excessive amount of coarse aggregate Fig. 301(a) 

is used. 


302—Estimate of cement and water requirements 
(a) Some lightweight aggregates are rounded with relatively smooth 
surfaces, others are extremely angular with very rough surfaces. These 


characteristics account for the wide range in amount of net water required 


to produce a concrete of a given consistency with different saturated aggregates. 
The net water required to produce a 2-in. slump in non-air-entrained concrete 
averages about 390 lb per cu yd of concrete. However, amounts varying from 
300 to 450 Ib per cu yd are encountered with different aggregates. This wide 
range in water requirement is reflected in a corresponding range of cement 
contents to produce a given strength. The structural strength of different 
aggregates also has an important effect on the cement requirement, particularly 
for higher strength concretes. 


(6) Producers of the various lightweight aggregates have devoted consider- 
able time to studies of their particular 
TABLE 302(b)—APPROXIMATE RELA- 
TIONSHIP BETWEEN STRENGTH AND 


provide the best estimate of the re- CEMENT CONTENT 
quired cement content and other mix 


proportions and should be given first 
consideration. Because of the wide 

‘ 2000 4to7 
range of cement contents required to 3000 5 to 8 


produce concrete of the same com- 4000 6 to 9 
5000 7 to 10 


aggregates. Their recommendations 


Compressive Cement content 
strength, psi bags per cu yd* 


pressive strength with the various 
: vial *U. S. standard bag of cement weighing 04 lb. The 
light weight aggregates, the subcom- Canadian standard bag of cement weighs 87.5 Ib 
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mittee was reluctant to provide any indication of the compressive strength to 
be associated with a certain cement factor. However, Table 302(b) provides 
this relationship within broad limits. 

(c) These values are suggested only as a guide in proportioning the first 
trial mixes. A number of references to published data which might also be 
used as a guide are included at the end of this report. As with heavier concretes, 
the minimum amount of mixing water should be used that will allow the con- 
crete to be adequately placed. The use of wetter mixes increases the oppor- 
tunity for segregation and lowers the bond and compressive strengths and the 
resistance to weathering action. Under most conditions, slumps less than 
t in. will be satisfactory. 


CHAPTER 4—TRIAL MIXES 


(a) Due to the difficulties involved in the determination of a satisfactory 
value for specific gravity and absorption of the aggregate, a method of propor- 
tioning is suggested which does not require the use of these values. The first 
step in preparation for a trial mix is to determine the dry loose unit weights 
(ASTM C 330) and moisture contents of the fine and coarse aggregate fractions. 
Trial mixes are then made with at least three different cement contents. The 
first mix is made with estimated quantities of the various materials and the 


water is added to produce the required slump. The quantities for this first 


mix might be estimated in the following manner: 


Assume that the mix is to contain 6 bags of cement per cu yd, and that the dry loose 
unit weights for the fine and coarse aggregates are 56 and 45 lb per cu ft, respectively. 
A slump of about 2 in. is required. About 32 cu ft of dry loose aggregate (sum of 
uncombined fine and coarse volumes) are required to produce a cubic yard of concrete. 
Most lightweight aggregates will require from 31 to 33 cu ft, but values as low as 28 
cu ft may occur with particularly well graded and rounded aggregates. If the aggregate 
is produced in two sizes, fine and coarse, these are proportioned in equal volumes. Water 
is added to produce the required slump. A trial batch of approximately 1 cu ft would 
then require: 


6 x 04 
Cement ; 20.9 Ib 


a 


. 16 & 56 
Fine aggregate a 33.2 Ib 
i 
; 16 x 45 a 
Coarse aggregate 97 26.7 Ib 
‘ 


: 4180 (includes water 
Water absorbed during 17.8 lb 
27 = mixing) 


Total weight 98.6 Ib 


The wet unit weight is 97.0 lb per cu ft and the air content test indicates 2.5 percent 
entrapped air. The yield 98.6/97 = 1.016 cu ft. Quantities per cubie yard of concrete 
are obtained by multiplying the batch quantities by the ratio of cubic feet in a yard 
to cubic foot of batch 27/1.016 = 26.6. 
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Cement 556 Ib per cu yd = 5.91 bags per cu yd 
Fine aggregate 882 lb per cu yd 
Coarse aggregate 710 lb per cu yd 
Water 173 lb per cu yd 


(b) Additional trial mixes could be made by estimating cement and aggre- 
gate quantities and establishing the yield, cement and water content, and 
other fundamental relationships. However, by the use of a “specific gravity 
factor’ for the aggregate, .all other trial mixes with this aggregate can be 
proportioned with considerable confidence. The specific gravity factor is 
obtained in the following manner: 


Solid volume of cement -~ = 2.83 cu ft 


Volume of water - —= 7.58 cu ft 


Volume of entrapped air 2.5 percent 0.67 cu ft 


11.08 cu ft 


The aggregate then occupies 27 — 11.08 15.92 cu ft. The coarse and fine 
aggregate were used in equal parts by volume, so they each occupy 7.96 cu ft. 
This is not precisely correct, but the error becomes unimportant when the 
specific gravity factor method is used. The specific gravity factor expresses 
the relationship between the dry weight of the aggregate and the space it 
occupies, assuming that no water is absorbed during mixing. 


6 fey f 6 882 

Specific gravity factor, fine aggregate = - 

7 62.4 X 7.96 
710 

2.4 X 7.96 


Specific gravity factor, coarse aggregate 
; ( 


(c) This is only a factor and not a specific gravity value defined by ASTM 
because the method does not account for any water absorbed during mixing. 
However, in subsequent mixes with this aggregate in the same moisture condi- 
tion, the volume of water absorbed during mixing is nearly constant. The 
specific gravity factor can then be used as though it were the apparent specific 
gravity and additional mixes can be proportioned by a procedure similar to 
the absolute volume method outlined in ACI 613-54. 


(d) The first trial batch may appear harsh and need a higher percentage of 
fine materials. Additional trial mixes are made using less coarse aggregate 
until the desired workability is obtained. These and other mixes can be 
proportioned by the method outlined in the following example. 
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Assume the 5.91-bag trial batch is judged to have the desired workability and no 
further adjustments are required. We now want to proportion an 8-bag mix at the same 
consistency. T'he quantity of coarse aggregate is maintained constant. The water require- 
ment also is considered to remain constant. 

ae s 752 oe ; 
Solid volume of cement = — - = 3.83 cu 
62.4 X 3.15 


‘ / 4173 ; 
Volume of water z = 7.58 cu 
62.4 


’ 710 
Solid volume of coarse aggregate = = 7.96 cu 
62.4 * 1.43 
Air 2.5 percent = 0.67 cuf 
Total volume of ingredients except fine aggregate = 20.04 cu 
Volume of fine aggregate = 27 — 20.04 = 6.96cuf 


Weight of fine aggregate = 6.96 * 62.4 < 1.78 = 773 |b 


A trial mix is made using these proportions although the quantity of water 
may require minor adjustment. The unit weight and air measurement are 
taken and the actual quantities of material per cubic yard are computed. 


(e) Air-entrained concrete mixes are proportioned in the same manner. 
However, the water content is generally reduced 2 to 3 percent for each 1 
percent of entrained air. For example, if we want to repeat the 5.91-bag mix 
but include 4 percent purposely entrained air: 

556 


Solid volume of cement = - - = 2.83 cu ft 
62.4 & 3.15 


Volume of water 6.83 cu ft 


: 710 
Solid volume of coarse aggregate = = 7.96 cu ft 
62.4 X 1.43 


Volume of air (2.5 percent + 4 percent) = 0.065 27 1.76 cu ft 


19.38 cu ft 


Volume of fine aggregate 27 — 19.38 = 7.62 cu ft 


Weight of fine aggregate 7.62 XK 62.4 X 1.78 = 846 lb 


(f) Additional trial mixes should be made which include at least three cement 
contents both with and without air entrainment. Graphs may be prepared 
relating the cement content and unit weight to the 28-day compressive strengths 
for use in proportioning mixes at other strength levels. 
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JOB CONTROL 


(a) Job control of lightweight aggregate concrete is not within the scope of 
this subcommittee, but to make effective use of this proposed recommended 
practice the following fundamentals for lightweight concrete control are sug- 
gested. 


(b) Job control is obtained by keeping constant the cement content, slump, 
and volume of dry aggregate per cubic yard of concrete regardless of variations 
in absorbed or surface moisture. If the density of the aggregate does not vary, 
constant volume can be maintained by keeping the dry weight of aggregate 
constant. Unit weight of the fresh concrete should be determined at frequent 
intervals. A change in unit weight indicates a change in air content or change in 
weight of aggregate. An air content determination will establish whether or 
not the correct amount of air is entrained. If the weight of aggregate has 
changed, it is due to a change in moisture, a change in gradation, or a change in 
density of the aggregate. Checks of moisture content, gradation, and unit 
weight can be easily made, and these will reveal the cause of the change. 
If the moisture content has changed, the aggregate weight is adjusted to keep 
the weight of dry aggregate constant. If the density of the aggregate has changed, 
the weight of dry aggregate is adjusted to keep the volume of dry aggregate 
constant, 

(c) It must be remembered that the principle of the water-cement ratio 
law applies to lightweight aggregate concrete. When mixes are proportioned 
on a cement content basis, the compressive strength associated with a certain 
cement content is obtained only at a given consistency. If it is found necessary 


to increase the slump, the increase in water content should be accompanied 


by a proportionate increase in cement content. 
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SYNOPSIS 


Report traces the development of empirical formulae for structural capacity 
of two slabs, one superimposed on the other, and gives equations developed by 
Marcus and Palmer which permit determination of stresses in both the upper 
and lower slabs. Locating joints in the overlay above joints in the old slab is 
recommended. Design of reinforcement for the overlay is considered, as 
well as combining resurfacing with pavement widening. Also discussed are: 
relative merits of a separation course between old and new slab; bonded resur- 
facing; and effect of subgrade condition. 


Concrete overlays, otherwise called concrete resurfacings, have an ex- 
perience record of widespread use in the United States. Resurfaced pavements 
now in service cover a period of not less than 43 years. During 1957 a survey 
of all known street and highway concrete resurfacing projects included over 
300 projects in 28 states. Of these, 40 percent were ppt as in excellent con- 
dition, 40 percent as good, 18 percent as fair and 2 percent as poor. The 
“poor” ratings applied to pavements of greater ages. Experience on these 
projects has supplied the information on which most resurfacings have been 
designed up to this time. 


OVERLAY SLAB THICKNESS 


Until recently there has been no comprehensive analysis of stresses in- 
volved in multiple layers of concrete pavements similar to the Westergaard 
and Pickett studies of stresses in a single slab. It is not known by whomt or 
when the suggestion was first made for use of the formula which assumed that 
the structural capacity of two slabs, one superimposed on the other, is equi- 
valent to that of a single slab the square of whose thickness is aren to the 


*Title No. 55-19 is a part of copyrighted JourRNAL or THE AMERICAN Concrete INstITUTE, 30, No. 3, Sept. 
1958, Proceedings V. 55. Separate prints are available at 50 cents each. Discussion (copies in ihm Rae ak should 
reach the Institute not later than Dec. 1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. 

Prepared as a part of the work of ACI Committee 325, Structural Design of Concrete Pavements for Highways 
and Airports. The report was submitted to letter ballot of the main committee which consists of 15 members; 
12 members returned their ballots, of whom 12 have voted affirmatively, and none negatively. 

tin a paper ‘Highway Research in Illinois,” published in Transactions, ASCE, V. 87, 1924, p. 1209, Fig. 17 
Clifford Older, chief highway engineer for Illinois, used a similar formula for evaluating monolithic brick sections 
of the Bates Test Road. It must be noted that these were not concrete slabs resurfaced with brick, but were built 
in such a way that there was a substantial bond between the concrete and the brick layers. In other words, an 
attempt was made to produce a monolith, hence the term “monolithic brick." The load carrying capacity was 
considerably less than that of a single slab having thickness equal to the total thickness of concrete and brick, 
but was about that of a single slab having an “equivalent thickness” computed by this formula. This may well 
have been the original use of the formula. 


315 





316 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE September 1958 


sum of the squares of the two slabs. Expressed mathematically this formula 
becomes: 


T? = To + Te? , (1) 


in which 79 = thickness of old or original concrete slab which is overlaid by a 
new slab having thickness Tp; Tp = thickness of resurfacing slab laid on old 
slab; and 7 = thickness of a single slab having structural capacity equivalent 
to that of the slabs of thickness 7’ and 7'p. 

This formula came into use with the full understanding that it was not 
technically accurate. It may be approximately correct under the conditions 
that (1) the two slabs have the same stiffness, and (2) that there is no friction 
between them. Since it is most unlikely that the two slabs will be of the same 
stiffness, it is to be expected that one will be stressed more than the other. 
This is offset by the fact that, normally, considerable friction will exist be- 
tween the two slabs which will cause them to act to some degree as an integral 
unit and thus reduce the stresses below what they would be if the two acted 
separately with no friction between them. 

In applying the formula to resurfacing design, the conditions are further 
complicated by the properties of the concrete in the old and new slabs. The 
old pavement may be fatigued by long continued overloads or have suffered 
other deterioration through a normal lifetime of service. To correct for this 
factor, it has been common practice to introduce a coefficient C to evaluate the 
condition of the old slab. The formula then becomes: 


T? = C To? + Tr? (2) 


in which C = coefficient for evaluation of old concréte slab. Suggested values 
for C are as follows: 

1 if old pavement is in good condition 

0.75 if old pavement has a few corner breaks but no progressive breakage 

0.35 if old pavement is badly cracked or shattered 

Following a series of load tests on resurfacing slabs at Lockbourne Air 

Force Base in Ohio in 1947 and 1948, the Ohio River Division Laboratory of 
the Corps of Engineers proposed a further modification of the formula which 
recognized the fact that friction between the two slabs caused the system to 
have somewhat greater capacity than indicated by Eq. (1) or (2). The modi- 
fied formula* took this form: 


T1-87 = C To? + Tr? -- (3) 


*Since this paper was written, a new Corps of Engineers manual on engineering and design of rigid airfield pave- 
ments has been released in which this formula is modified as follows: 


T'-4 = CTo'-4 + Trp'*.. 2... tb dhe eae pe ee 


Pq @ BT = CTa™,o 2). bck. ck «cae 


It appears that Eq. (3a) calls for resurfacing thickness slightly greater than Eq. (3) but less than required by Eq. 2. 
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This latter formula has come into use for the design of resurfacing slabs 
resting directly on the old pavement so that a considerable friction exists 
between the two. Some bond may develop between the old and new but this 
equation does not call for the two slabs to be actually bonded. For pavements 
with a separating course which reduces or eliminates friction between the 
two slabs it is common practice to utilize Eq. (2). Transposed to solve for 
the resurfacing thickness the two equations take these forms. 


Tr = VT? —C To? (2) 
Tr = VT!" — C To? (3) 


These formulas are recognized as empirical. A design procedure based on 
rational analyses of stresses is to be preferred. More than one agency is known 
to be working on the subject. 


Development by Marcus and Palmer 

Formulas credited to Henri Marcus of the Bureau of Yards and Docks of 
the U. S. Navy were presented in August, 1955, in a progress report of the 
American Society of Civil Engineers committee on the design of overlay 
pavements. The report appears as Paper 777, Proceedings, ASCE, V. 81. 
The same formulas were also derived by L. A. Palmer in a paper, ‘‘ Design 
of a Concrete Overlay on Old Concrete Pavement,” in the U. S. Navy’s 


Budocks Technical Digest, No. 79, for August, 1957. The formulas developed 
by Marcus and Palmer follow: 


f E,h\* 
©" Bh? + Eve? 


Eh? 
= f; — - 
E\hy? + Erhs' 
where 
maximum tensile stress in the upper (new) slab under a given applied wheel load 
when the new slab rests on the underlying old slab 
maximum tensile stress in the upper (new) slab under the same applied wheel load 


under the condition that the new slab rested directly on the subgrade without the 
old slab between it and the subgrade 
maximum tensile stress in the lower (old) slab resulting from the same wheel load 
applied to the upper (new) slab which rests on the lower (old) slab 

= maximum tensile stress in the lower (old) slab resulting from the same wheel load 
being applied directly to it, without the interposition of the upper (new) slab be- 
tween it and the load 

= thickness of the upper (new) overlay slab 

= thickness of the lower (old) slab 

= modulus of elasticity of the upper (new) slab 


modulus of elasticity of the lower (old) slab 
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The stresses fo and f; would be computed by the Westergaard or Pickett 
procedure for a single slab. Palmer’s paper suggests that this method is 
applicable where a separating course is placed between the two slabs provided 
the thickness of separation does not exceed 6 in. It would appear that the 
equations might be modified to fit the condition where no separating course is 
used and where some friction or bond would be present to increase the rigidity 
and structural capacity of the system. 

So far as is known, there has been no experimental evaluation of Eq. (4) 
and (5) using strain gages or other methods. Such a study could well include 
an investigation of what modification, if any, is needed to make them applic- 
able when no separation course is used. It is hoped that such a study soon 
can be undertaken. 


Marcus and Palmer point out that Eq. (4) and (5) permit determination of 
stresses in both the upper and lower slabs, thus making it possible to avoid 
overstressing in either slab. It is also possible to select a different working 
stress for each slab if that seems appropriate. 


JOINT LOCATION 


In addition to slab thickness, there are a number of other questions to 
which the designer of concrete resurfacing needs answers. Perhaps the one 
of first importance is the matter of jointing. Observations of resurfacing 
pavements in service have led to the conclusion that with no separation 
course, or with a relatively thin one, most of the joints and cracks in the old 
pavement will be reflected or reproduced in the resurfacing. Accordingly, 
it is usually thought best to match all joints in the lower slab with joints in 
the resurfacing slab. These have not always been of the same type as in the 
old slab. For example, contraction joints have been used above old expansion 
joints, especially when the latter had become pretty well closed during the 
years of use. Similarly, tied (hinged) joints might well be used over an old 
untied longitudinal joint. 

It is not necessary to place joints over all cracks in the old slab. Where there 
has been considerable cracking in the old slab, distributed steel has frequently 
been used in the overlay to prevent reflection cracks from becoming points of 
weakness. This measure seems to have been effective and is generally de- 
sirable. It has not prevented reflection cracks, but when held tightly closed 
they are considered objectionable mainly from the standpoint of appearance. 


REINFORCEMENT OF OVERLAY 


Reinforcement serves the same purposes in concrete overlays as it does in 
original construction. Its design should follow the “Recommended Practice 
for Design of Concrete Pavements (ACI 325-58).”* If distributed steel was 
used in thc original pavement and no wide cracks have formed to indicate 
breakage of the steel, it has been common practice to base the design of the 


*ACI Journal, July 1958, Proc. V. 55, pp. 17-52, or see ACI Standards, 1968. 
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reinforcement in the resurfacing on the thickness of the resurfacing slab alone. 
If there was no distributed steel in the old slab, or if wide cracks indicate it 
to be broken, the steel in the resurfacing has been based on the combined 
thickness of the two slabs. 


WIDENING COMBINED WITH RESURFACING 


Old concrete pavements that require resurfacing often need widening also. 
While the number was not definitely established, a considerable proportion 
of the more than 300 projects covered in the survey mentioned earlier were 
combined resurfacing and widening projects. It appears that, far from causing 
troublesome complications, the construction of widening along with resur- 
facing offers certain definite advantages. Most important of all is the oppor- 
tunity thus offered to construct the widening integral with the resurfacing, 
thickening the widening to that required for a single thickness slab to carry 
the expected load. This prevents the occurrence of a thin edge of the resur- 
facing which might constitute a point of weakness when curling action caused 
it to separate and become unsupported by the edge of the old slab. 


Construction of a combined resurfacing and widening involves no special 
problems. In fact, the setting of forms is usually simplified and other opera- 
tions are not made more difficult. This committee is concerned primarily 
with design, but the designer must give consideration to construction prob- 
lems. 


SEPARATION COURSE 


The question of whether to use a separation course between the old and new 
slabs is one on which there is wide disagreement. Studies by different agencies 
have shown a definitely greater structural capacity when no separation course 
is used. Conversely, there seems little doubt but that the amount of reflection 
cracking can be reduced or even eliminated by use of separating courses of 
substantial thickness. Separating courses may be made necessary by changes 
in grade or by excessive irregularities in the old pavement which demand a 
leveling course before the new slab is constructed. Otherwise, a decision must 
be made as to how much added cost, due to the greater thickness of concrete 
as well as cost of the separation course itself, is justified to avoid the reflection 
cracks which are unsightly but which do little to limit the pavement’s service- 
ability. 


BONDED RESURFACING 


The preceding discussion treats the normal concrete resurfacing in which no 
special efforts are made to effect bond to the existing pavement. Recently 
there has come into use a bonded type of resurfacing. Special steps are taken 
to prepare the old surface and to place the new in a manner which will effect 
a bond between the two. The question of structural design of bonded resur- 
facings has not arisen as they have been used, to date, only to correct an un- 
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satisfactory surface condition where no strengthening of the old slab was 
thought necessary. 

At present, it would appear that an old slab with a bonded resurfacing 
can be treated as having a structural capacity equal in every way to that of a 
single slab with thickness equal to the total thickness of old slab plus the 
bonded resurfacing. 


SUBGRADE CONDITIONS 


A factor which must be considered in the design of concrete resurfacing is 
the condition of the underlying subgrade. It is obvious that where the sub- 
grade has failed, the failure will not be corrected by placing an additional 
layer of concrete. In this case it will be better to break up the old slab, utiliz- 
ing it for subgrade treatment, adding more subbase if needed, and construct a 
new pavement thereon. 


CONCLUSION 


Committee 325 has been assigned the task of developing a recommended 
practice for the design of structural details of concrete highway and airport 
pavement. Having presented to the Institute a recommended practice for 
normal single course construction, the committee has been reorganized to 
study special phases of concrete pavement design. Subcommittee VIII was 
created to study the design of concrete resurfacing. The foregoing is not in- 
tended to represent the recommendation of the subcommittee but is a state- 
ment of the situation at the beginning of the study. Comments and informa- 
tion are invited from engineers with applicable experience and data. As 
rapidly as practical, the subcommittee will study the available facts and pre- 
pare a recommended practice for the structural design of concrete resurfacing. 


With the present knowledge of the subject it is anticipated that the initial 
recommendation will be subject to future revision. It is believed a report 
should not be delayed until the completion of the research needed for a final 
report. Rather, it is planned to present a report based on the best information 
available. Performance of resurfacings in service gives assurance that recom- 
mendations can be made which will insure good results. When still better 
information has been developed it will be possible to revise the committee’s 
first recommendation. 


Discussion of this report should reach ACI headquarters in triplicate 
by December 1, 1958, for publication in the March 1959 JourNaAt. 
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Strength of Concrete Under Combined Stresses* 


By B. BRESLERt and K. S. PISTERT 


SYNOPSIS 


A criterion for failure of plain concrete subjected to combined stresses was estab- 
lished from tests of 65 tubular specimens tested to failure under various combinations of 
shearing and compressive stress. A procedure for determining the shearing strength of 
a special class of rectangular reinforced concrete beams without web reinforcement was 
developed. Excellent correlation was obtained between calculated and observed shear- 
ing strength of a limited group of beams. 


INTRODUCTION 


Failure of structural elements usually occurs under complex loading con- 
ditions; hence the state of stress at failure is generally complex. For this 
reason, knowledge of criteria of failure for materials subjected to combined 
stresses is important. Reinforced concrete elements, such as beams, rigid 
frames, plate floor slabs, and shell roofs, and similar prestressed elements 
are subjected to loads producing combinations of normal and shearing stresses. 
Therefore, investigation of strength limitations for concrete subjected to 
combined stresses becomes particularly important if the ultimate strength 
theories are to be accepted. 


Investigation of failure in plain concrete is complicated by the nonhomo- 
geneity and nonisotropy of the material, and in reinforced concrete it is 
further complicated by the presence of reinforcement. It has been often 
stated that presence of reinforcement in concrete alters the nature of the 
material and, therefore, changes the criteria for failure. Indeed, in consider- 
ing the mechanism of failure, that is, the progress from initial local failure 
to ultimate collapse, both the bond between concrete and reinforcement and 
the deformation or failure in the reinforcement play an important role. It 
seems reasonable, however, that the conditions producing local failure in 
concrete are essentially the same for both plain and reinforced concrete, and 
therefore knowledge of failure criteria for plain concrete would be valuable 
for predicting collapse strength of reinforced or prestressed concrete structural 
elements of any size or shape. 

*Received by the Institute Apr. 28, 1958. Title No. 55-20 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 30, No. 3, Sept. 1958, Proceedings V. 55. Separate prints are available at 60 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Dec. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Professor of Civil Engineering, University of California, Berkeley, Calif 


tAssociate Professor of Civil Engineering, University of California, Berkeley, Calif. 
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The study reported here had two principal objectives. The first was to 
verify the validity of a failure criterion for plain concrete based on a relation- 
ship between normal and shearing mean stresses. Such a hypothesis had. 
been formulated by the writers as a result of a preliminary investigation! 
but in view of the limited data obtained at that time, further verification 
was deemed desirable. 

The second objective was to apply the failure criterion to the determina- 
tion of shearing strength of structural elements. In this study an excellent 
correlation between the failure criterion and the shearing strength of a special 
class of simply supported rectangular reinforced concrete beams without web 
reinforcement was obtained. 


TEST PROGRAM 
Scope 
The experimental investigation was limited to the study of strength of 
plain concrete subjected to various combinations of compression and shear. 
All test specimens were of the same tubular shape: 9-in. outside diameter, 


6-in. inside diameter, and 30 in. long. Stresses at failure were determined 
for specimens subjected to pure axial compression, pure torsion, and torsion 
combined with compression of 20, 40, 60, and 80 percent of pure compressive 
strength. Three concrete mixes were used in this investigation with nominal 
compressive strengths of 3000, 4500, and 6000 psi at the age of 28 days. All 
specimens were tested at approximately 28 days after casting. 


The test program was divided into three series. The objective of tests in 
Series I was to determine the effect of end conditions imposed by a special 
torque band on the pure compressive strength of specimens. For each mix 
one specimen was tested without the torque band and one with the torque 
band clamped on the ends. In all subsequent tests, Series II and Series III, 
all pure compression test specimens had torque bands clamped on the ends. 

Series II included tests of duplicate specimens for each of the loading con- 
ditions in the program. At the conclusion of the tests in this series it became 
evident that due to normal variations in the performance of plain concrete 
and due to initial difficulties in the test procedure, some of the tests of Series 
II should be repeated to verify the results. In Series I and II ‘‘sequence”’ 
loading was used, in which a predetermined amount of compression was 
applied to the specimen before producing failure in torsion. It seemed de- 
sirable to investigate the effect of ‘“‘proportional” loading in which com- 
pression and torsion were increased in proportional steps. Therefore, Series 
III included a number of tests, some of which were designed to verify the 
results of Series II, and some to determine the effect of proportional loading 
on the strength of concrete. 

In all, 65 specimens were tested, six in Series I, 36 in Series II, and 23 in 
Series III. The specimens were designated by a code intended to identify 
the series number, the iominal strength of the mix, and the loading condi- 
tions. Thus, II 4.5 TC.4A refers to a specimen in Series II, made of 4500-psi 
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concrete, subjected to torsion “T,”’ combined with compression ‘‘C”’ of 0.4 of 
pure compressive strength; “‘A’’ designates the first specimen of two made 
from a given batch. Specimens subjected to sequence loading were marked 
“A” and “B’—first or second, and specimens subjected to proportional 
loading were marked ‘‘P.” 


Materials and mix proportions 

Type I portland cement was used in this investigation. The cement was purchased in a 
single lot, blended for uniformity and stored in steel drums. A blend of three sands was 
used as fine aggregate, the blend having been chosen for its soundness, uniformity, and grada- 
tion. The proportion of each sand was weighed out separately for each batch to insure better 
uniformity of gradation. River gravel was used as coarse aggregate, varying in size from 
sieve No. 4 to 4% in. Petrographic descriptions of the mineral content of the sands and the 
coarse gravel are shown in Table 1, and the results of sieve analyses are shown in Table 2. 
Mix proportions were selected to give the desired strength of concrete, and several trial batch 
mixes were made before the proportions were finally selected. In preparing the specimens for 
Series I, it was found that mixes with nominal strengths of 4500 and 6000 psi seemed too 
wet, and the mixes were reproportioned slightly so that specimens in Series IIT and III with 


TABLE 1—PETROGRAPHIC DESCRIPTION OF SAND AND GRAVEL 


Mineral composition of sands, 

percent Mineral composi- 
- —_- —-~ Mineral tion of Fair Oaks 

as Wd Monterey gravel, percent 
vo.~. 


No. 2 


Mineral 


Antioch 


Quartz 79.5 87.0 81 Basalt, andesite, dacite 

Green horneblende ( | 5 Quartz 

Feldspar f 10.8 4.9 Schist (amphibolite and quartz 
mica) 

| Horneblende 

| Chert 


Magnetite 2.6 1.6 


ay 
Miscellaneous j 0.6 5. 


TABLE 2—SIEVE ANALYSES OF SANDS AND GRAVEL 


Sand, percent retained 
— ———_——---— Gravel, percent 
‘ Monterey Monterey retained 
Antioch No. 8 y No. 20° Blend* 


Sieve size 


i in. 
% in. 
No. 4 

s 


16 
30 
50 
100 


omcunn 


Fineness modulus 3. 86 2.70 


*Blend: 15 percent Antioch; 38 percent Monterey No. 20; 47 percent Monterery No. 8. 


TABLE 3—MIX PROPORTIONS 
| | 
| | | 
| Series | Series | Seri Series 
Property or proportion | Lu, ul I | I 

Nominal compressive strength, psi } 3000 
Water-cement ratio, by weight | 
Water-cement ratio, gal. per sack 
Sand-cement ratio, by weight | 
Gravel-cement ratio, by weight | 
Cement content, sacks per cu yd | 
Slump, in., average 
Slump, in., range 


> troorwenwe 
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nominal strengths of 4500 and 6000 psi were made with a mix differing slightly from those in 
Series I. Mix proportions, shown in Table 3, are based on corrected quantities for saturated 
surface dry condition of all aggregates. 


Fabrication and curing of specimens 


Two-cu ft batches were mixed in a horizontal drum Lancaster mixer. All batching was 
done by weight, the materials being used in air dry condition. The dry materials were first 
blended in a mixer 1 min, then water was added and the batch mixed for 3 min. The slump 
was measured about 7 min after the start of the mixing operation. Average values and the 
range of variation of slump for each of the mixes are shown in Table 3. 

All tubular specimens were cast in a vertical position in a split metal mold with a wooden 
core consisting of four wedged pieces held in a rubber tube. The mold was mounted on a vi- 
brating table and the concrete was placed in the mold continuously through a funnel. Dur- 
ing placement the concrete was continuously rodded and vibrated, and the placement was 
completed in 4 or 5 min. After several trials, this casting procedure was selected as one which 
resulted in the most uniform concrete structure without noticeable segregation or excessive 
voids. 


Loading apparatus 

The loading apparatus for testing the tubular specimens consisted of a 400,000-lb Baldwin 
Southwark universal testing machine to apply axial compression, and a special frame assem- 
bly to apply torsional loads. The torsion-loading frame assembly (Fig. 1 and 2) consisted 
of two end beams held together by four 34-in. diameter tie rods, two cross beams which trans- 
mitted the loads to torque bands clamped on the ends of the specimens, a hydraulic jack to 


Fig. 1—Specimen set up in testing ma- 
chine, with end view of loading frame 
assembly detailed at right 
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apply the load to one of the cross beams, and a proving ring to measure the applied load. 
The diagonally opposite cross beams were loaded in such a manner that the end reactions 
formed opposite couples at each end of the specimen. These couples were transmitted through 
the torque bands to the specimen. 

To eliminate frictional restraint to rotation at the end of the specimen special thrust-bearing 
assemblies were used. Each thrust-bearing assembly consisted of a Rollway Precision T-46 
thrust bearing mounted on a base with a short centering shaft, and modified by replacing the 
rollers with 96 chrome alloy steel 34-in. diameter bearing balls. The amount of frictional 
resistance to rotation offered by the thrust bearings was measured as a function of the thrust 


in several calibration tests and the torque required to produce first slip in the bearings was 
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. 2—Top and front views of loading frame assembly 
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Fig. 3—Thrust bearing friction 
at first slip 
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called the “‘slipping’’ torque. The relationship between slipping torque and axial load is 
shown in Fig. 3. 


Test procedure 


Specimens were scheduled for test at the age of 28 days. In some cases due to unforeseen 
experimental difficulties testing was delayed from 1 to 4 days.* 

On the day scheduled for testing, the specimens were removed from the fog room and kept 
damp by wet burlap covers. The ends of tubular specimens and control cylinders were capped 
with hydrostone using 1 in. thick steel bearing plates. In all cases tubular specimens and 
control cylinders were tested at the same age. 

Pure compression—Tubular specimens were tested in a 400-kip Baldwin Southwark uni- 
versal testing machine at a loading rate of approximately 15 kips per min. 

Torsion bands were positioned 171% in. apart by means of a spacer, and four bolts, /%4 in. 
in diameter, were used to clamp the bands in place. To prevent slipping of the bands the 
bolts were tightened until the tension in them was approximately equal to yield strength. 

Pure torsion—The torsion loading assembly was supported on two steel tables, one on each 
side of the testing machine. The jack, proving ring, cross beams, and end beams were aligned 
using a plumb bob, combination square, level, and special alignment strings. The load was 
applied gradually by pumping the hydraulic jack manually, the total time of loading to failure 
being approximately 5 min. 

Compression combined with torsion—Specimens were placed in the testing machine and the 
torsional loading frame was aligned as described above. Two types of loading were used. 
Using sequence type of loading, the specimens were first subjected to a predetermined amount 
of an axial compressive load—a portion of nominal compressive strength of the specimen- 
and then subjected to torsion until failure took place. The total time to produce failure was 
approximately 5 min. Four specimens in Series III were subjected to proportional loading. 
The load increments are shown in Table 4. 

Control specimens—For each batch of concrete, six 3 x 6-in. cylinders and two 6 x 12-in. 
cylinders were prepared. The compressive strength of all the control cylinders was determined 
in accordance with ASTM C 39-44. One of the 6 x 12-in. cylinders was used to determine the 
stress-strain relationship up to about 80 percent of ultimate strength, and then the specimen 
was loaded to failure. To correlate the compressive strength of the mixes with the modulus of 
rupture for each mix, three 6 x 6 x 20-in. beams were made and tested at 28 days under third- 
point loading. All control specimens were cured under the same conditions as the test speci- 
mens. Results of control specimen tests are shown in Table 5. The relationship between the 
compressive strength of the 3 x 6-in. cylinders and 6 x 12-in. cylinders appears to be in- 


*Thirty-nine specimens were actually tested at 28 days, seven were tested at 29 days, 12 at 30 days, one at 31 
days, and six at 32 days. 
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TABLE 4—PROPORTIONAL LOADING 
Load increments, percent of load at failure, for specimen indicated 
Ill 3TC.4P Ill 3TC.8P Ill 4.5TC.4P Ill 4.5TC.8P 


Compression Torsion Compression Torsion Compression Torsion Compression Torsion 


18 1 i8 ; 2 2 12 
37 22 37 2s 2 24 
56 3 56 ¢ ‘ 42 36 
59 


74 ‘ . : 
100 100 100 


- 


fluenced by richness of mix and water-cement ratio as shown in Fig. 4. The ratios of 3 x 6-in. 
to that of 6 x 12-in. cylinder strengths are 1.21, 1.11, and 1.06 for water-cement ratios of 
0.41, 0.52, and 0.69 respectively. In view of this variation, test data obtained in this study 
are correlated with both the 3 x 6-in. and the 6 x 12-in. cylinder strength. 


Measurements and stress calculations 

Outside and inside diameters of each tubular specimen were determined at several points 
at each end and the average value was calculated for the specimen. The total torque 7’ applied 
to the specimen at failure was determined as the couple formed by the cross-beam reactions 
to the jack load. The torque AT resisted by friction at each end was assumed equal to the 
slipping torque at a given compression load P, and was determined by calibration. The net 
torque on the specimen was defined as 7, = T — AT’. 

Compressive and shearing stresses were calculated from conventional equations: 


o = P/A 
and (1) 
r= T,1./J 


where o = average compressive stress, and r = maximum shearing stress at the outer sur- 





© 3*x61N. CYLINDERS, AVERAGE OF 60 SPECIMENS 
(10 CASTINGS, 6 CYLINDERS FROM EACH) 

|G 6*I2 IN. CYLINDERS, AVERAGE OF 20 SPECIMENS 

(10 CASTINGS, 2 CYLINDERS FROM EACH) 
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\ 


-—MAXIMUM 
t KK y~ 3x6 IN. CYLINDERS 
INUK 


8 
oO 


28 DAY COMPRESSIVE STRENGTH 
Ww 
Fs) 
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2000 L 
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“ GALLONS PER SACK 





Fig. 4—Compressive strength 
of 3x6-in. and 6x 12-in. 
concrete control cylinders 
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face of the cylinder. Strain measurements made in a previous study indicated that linear 
shearing stress distribution is valid for pure torsion specimens. It is assumed that linear 
shearing stress distribution is also valid for the combined loading conditions. Also, the ratio 
of average shearing stress to maximum shearing stress is 0.83:1.00, indicating reasonably 
small yariation in stress distribution across the thickness. Therefore, the maximum nominal 
shearing stress r was used as an indication of shearing stress in concrete. Calculated values of 


compressiye and shearing stresses at failure are shown in Table 6. 
£ 


Modes of failure 


After completion of each test the specimen was photographed, taking 


two or more views of the failure, so that a complete record of the types of 


failure was obtained. The five principal modes of failure are illustrated in 
Fig. 5. 


Fig. 5—Modes of failure 
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The specimens loaded in pure compression exhibited two modes of failure: 
one was splitting along vertical planes, indicated by vertical cracks in Fig. 5a, 
and the other was failure along somewhat inclined planes as shown in Fig. 5b. 
No consistent correlation between type of failure and nominal compressive 
strength of concrete could be noted. In some cases, due to the presence of 
torque bands, a secondary failure was observed, such as transverse circum- 
ferential splitting, accompanied by crushing of concrete and spalling along a 
somewhat inclined plane within the thickness of the tube (Fig. 5a). 

The specimens loaded in pure torsion failed by splitting along the heli- 
coidal surface making an angle somewhat less than 45 deg with the longitudinal 
axis (Fig. 5c). 

Two types of failure occurred in specimens subjected to combined com- 
pression and torsion. One, shown in Fig. 5d, consisted of two principal cracks; 
a steep one inclined approximately 15 deg to the longitudinal axis, and 
another making an angle of approximately 45 deg with that axis. The in- 
clinations of the cracks varied with the relative magnitudes of the com- 
pressive load, but no consistent relationship between angle of inclination of 
the crack and the loading condition or the nominal compressive strength of 
concrete could be noted. Furthermore, it was not apparent which of the 
two cracks formed first and which was secondary. Another prevalent type of 
failure was that of complete and sudden breakdown along several planes, 


TABLE 5—AVERAGE STRENGTH OF CONTROL SPECIMENS 


Compressive strength 


Compressive Compressive 
strength, psi strength, psi 
Specimen Specimen 
No. 3 x 6-in. 6 x 12-in No. 3x 6-in. | 6x 12-in. 
cylinder cylinder eylinder cylinder 


Compressive 
strength, psi 
Specimen 
No. 3x 6-in. | 6x 12-in 
cylinder cylinder 


3140 2910 4.5C 4850 4070 6520 5280 
2890 3020 5080 iC 6560 5770 

6130 5300 
5030 35 ¥ 6500 5380 
4910 é iT 6310 5060 
4850 2: ITC. 6350 5020 


_- 


3270 3070 
3440 2960 
3130 2990 
2830 2820 
3130 2840 


4230 : ITC. 6210 4960 
3220 3060 


4620 36 ITC. 5940 5230 
4900 : 

4580 iITC.6 5980 5040 
4990 5 iTC.6 6010 4840 
4980 5 ITC. 6340 5420 
4990 5 ITC. 6010 4840 
4620 


2940 2740 
3130 2950 
3070 2900 
3220 3060 


ee 
ARAARASS 


AVERAGE 3120 2940 4820 4330 


Flexural strength 


3000-psi mix 4500-psi mix 6000-psi mix 


Specimen Modulus of Modulus of Modulus of 
No. rupture, psi Specimen No. rupture, psi Specimen No. rupture, psi 


A 38 5! 656 B 6-A 
B 432 4. 702 B 6-B 
3-C : 5-C 619 B 6-C 


AVERAGE : 660 
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TABLE 6—CONVENTIONAL COMPRESSIVE AND SHEARING STRESSES AT FAILURE* 


Nominal strength, Nominal strength, Nominal strength, 
‘ psi 4500 psi 6000 psi 


Specimen ¢ Specimen o Specimen g 


3C J 2950 [I 4.5C \ 6C 
B 2790 


3C d 3030 5C i 6C 
3000 


6C 
200 .5T 6T 
200 


270 3T A 6T 
240 


610 440 
610 430 


610 440 
610 560 


1220 660 5TC.A: 6TCA ! 1660 860 
1220 660 B 1660 920 1660 870 


1220 660 , 1670 830 6TCAA 2350 1080 
A 1660 990 2350 1200 


1830 570 5TC.6A 2490 920 6TC.6 3500 880 
1840 740 B 2510 1150 3520 1080 


1830 680 4.5TC.6A 2490 1070 6TC.6 / 3540 1170 
1840 830 


2460 660 4.5TC.8BA 3370 800 6TC.SA 4740 800 
2440 720 B 3340 1020 4700 1000 


2440 790 III 4.5TC.8A 3350 1130 III 6TC. 4710 1070 
P 3320 490 


compressive stress, psi; 7 = shearing stress, psi. 


as shown in Fig. 5e. The specimen disintegrated into numerous pieces. 
This type of failure was particularly prevalent for the 6000-psi concrete under 
practically all combinations of compression and torsion. It was not limited 
to the 6000-psi concrete, however, as specimens of other concretes subjected 
to high proportions of compressive failure load also exhibited a similar type of 
failure. 


DETERMINATION OF A FAILURE CRITERION FOR PLAIN CONCRETE 

Introduction 

In formulating a law of strength under combined states of stress, agree- 
ment must be reached as to what constitutes failure. Criteria such as yield- 
ing, initiation of cracking, load carrying capacity, and extent of deformation 
have been used to define failure. The type of specimen and type of test have 
an appreciable influence on the resulting type of failure and therefore corre- 
lation of tests in which the various definitions of failure have been employed 
is difficult. Furthermore, the application of criteria based on test specimens 
to full size structural elements is made difficult by the necessity of a defini- 
tion of failure for both test specimen and full size element, which definition 
need not be the same for each. In this investigation failure is defined as the 
ultimate load carrying capacity of the test specimen. This seems reasonable 
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in view of the statically determinate nature of the stress distribution up to 
and including failure. Determination of microcrack formation, yielding, or 
measurement of limiting strain (difficulty intensified by creep and plastic 
flow) all seem to be less desirable indicators of failure for concrete specimens 
used in this study. Ideally, in any program designed to establish the effect 
of state of stress on strength of concrete, the law defining failure should be 
capable of predicting strengths of different types and sizes of test specimens. 
This problem involves the nature of loading, boundary conditions at loaded 
surfaces, stress distribution at critical sections, stress or strain rate, and stress 
history of specimen including effects of curing and shrinkage. Although 
these factors per se may not affect the actual application of the failure law 
to structural elements, they are determinative in explaining and correlating 
test data taken from various sources. 


The nature and structure of the material must be identified. In concrete 
the physical and mechanical properties of the aggregate and of the cement 
paste, and the nature of deformations and of volume changes due to tem- 
perature or shrinkage are significant factors affecting the behavior of the 
material. Obviously the mix proportions must also be included. 


Notation 


The letter symbols used in this report are generally defined when they 
are introduced. The most frequently used symbols are listed below for con- 
venient reference. 


cross-sectional area, or numerical co- 
efficient 


= effective area resisting shear 


area of longitudinal reinforcement 


= shear span; normally distance between 


support and applied concentrated load 
width and effective depth of rectangu- 
lar beam, respectively 

compression force due to internal mo- 
ment couple 

compressive strength of 6 x 12-in. con- 
crete test cylinders 

compressive strength of 3 x 6-in. con- 
crete test cylinders 

yield strength of longitudinal rein- 
forcement 


ratio of internal moment arm to effec- 
tive depth d 


= polar moment of inertia 


ratio of depth of compression zone to 
effective depth d 


= bending moment 


(A,/bd) 


axial load 


= tension force due to internal moment 


couple 

measured shearing force at failure, 
based on test results 

calculated shear force at failure, based 
on shear criterion 

-alculated shear force at failure, based 
on flexure criterion 

normal stress 


I,, I2, 13 = principal stress invariants : shearing stress 


Review of failure theories 


In addition to the review of theories of failure applicable to concrete found 
in Reference 1, the following experimental investigations are cited. 


A series of biaxial compression tests of 15-cm concrete cubes conducted 
by Wastlund? indicates that the intermediate principal stress is determinative 
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in the failure of the specimen, thus contradicting the Mohr theory for biaxial 
states of stress in the compression-compression quadrant. 


McHenry and Karni* conducted tests on hollow plain concrete cylinders 
subjected to hydrostatic pressure and axial compression. The results of this 
study are generally in agreement with the failure law proposed by the authors. ! 


Invariant formulation of failure laws 


A failure criterion based upon state of stress must be an invariant function 
of the state of stress, that is, independent of the choice of the coordinate 
system by which stress is defined. One method of representing such a func- 
tion is to utilize the principal stresses. Thus, F(o;, 02, o3,) = 0 is frequently 
used to indicate the general functional form of failure law, the actual determi- 
nation of the function being left to theoretical conjecture or experimentation. 
However, unless some restriction is placed on the function, considerable 
difficulty is experienced in accomplishing such an experimental determination. 
In the past, to give a few examples, the function has been associated with 
the normal and shear stresses on the plane of failure neglecting the influence 
of the intermediate principal stress, or with effective stress, or with assumed 
expressions based upon experimental data. 


In the general case of a polydimensional state of stress this method of 
establishing a failure law is particularly difficult to pursue since three inde- 
pendent parameters, the principal stresses, are involved. Furthermore, 
it is difficult to supply a physical explanation of failure on this basis. 


An alternative way of describing a failure law has proved useful. It is 
known that any invariant symmetric function of the state of stress (e.g., a 
criterion of failure) can be expressed in terms of the three principal stress 
invariants. Thus, one can write 


F (1,, Iz, Is) = 0 
where 


qT; = 7) + 62 + G3 
I, = 7; O2 + o203 + O30; 


I; = 0, 0203 


In formulating criteria for yielding of ductile materials subjected to com- 
bined states of stress it has been found that other invariants of the state of 
stress, which of course can be formed by proper combinations of the principal 
invariants, are more susceptible of physical interpretation. An explanation 
of such invariants which is independent of the properties of a specific ma- 
terial or class of materials is contained in a paper by Novozhilov.‘ It seems 
reasonable, therefore, to utilize these invariants in formulating a law of 
failure of a brittle material such as concrete. 
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Mean shearing stress and mean normal stress 

The concept of mean stress seems particularly attractive because it pro- 
vides a physical interpretation of invariants used. Consider an infinitesimal 
spherical element of volume. At any point on the surface of this element 
the state of stress can be expressed in terms of a shearing stress 7, and normal 
stress ¢,. The mean value of the shearing stress can be based upon stresses 
existing on all possible planes of orientation through the point by carrying 
out the averaging process over the spherical surface. Although shearing 
stress can be either positive or negative, the sign has no significance with 
respect to physical mechanism of failure, and it is expedient to take the 
average in the sense of the root mean. Thus, 


. 1 lg 
_ Lim f 72d 
S?0| SJs 


where S denotes the surface of the spherical element of volume. Carrying 
out the indicated operations leads to Eq.(5). 


l 
= =| (a; — o2)* + (a2 — o;)? - 
V5 


or in terms of the principal invariants, 


Vibe] 


In the case of the normal stress o, on the surface of the spherical element 
the sign of the stress is significant, i.e., whether the stress is tensile or com- 
pressive certainly influences the mechanism of failure. Accordingly the mean 
stress can be defined by Eq.(7). 


Lim |} 1 is 
7a = S>0 SJs cadiess 


Evaluation of this expression gives 


The third “plasticity” invariant has been shown by Novozhiloy to represent 
the ratio of the mean shearing stress to the maximum shearing stress, which 
varies over very narrow limits. Therefore, its effect on the formulation of a 
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failure law would be of secondary importance. Consequently, it is possible 
to write a failure law in the form 


For an isotropic, elastic, ductile material following Hooke’s law it is well 
known that experimental evidence discloses an independence of o, and 71, 
for the condition of yielding: futhermore, +, is directly proportional to the 
energy of distortion.’ However, for materials such as concrete, it does not 
appear to be expedient to interpret 7, in terms of elastic energy. It is more 
suitable to seek a physical interpretation of the parameters o, and 7, that is 
independent of the properties of a specific material or class of materials. 


Finally, the failure criterion in the form rt, = f (¢.) accounts for the effect 
of the intermediate principal stress a2, and thus is a natural generalization 
of the Mohr theory of failure which neglects its effect, and whose importance 
for concrete has been shown in the experiments of Wastlund, among others. 


The form of the function f (¢,) is left to experiment. In this investigation 
two trial functions have been utilized, a linear equation and a quadratic 
equation. Which form is preferable is a question that additional substantiat- 
ing tests and applications of the theory to structural elements will ultimately 
have to answer. 





3000 psi CONCRETE 
4500 ps: CONCRETE 
6000 psi CONCRETE 
1952 TEST DATA (3000 psi CONCRETE ) 


\— STRAIGHT LINE 
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\“—— STRAIGHT LINE 
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Fig. 6—Relationship between normal and shearing mean stresses at failure 
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Test results 


As noted elsewhere most of the specimens tested in this program were 
subjected to sequence loading. As seen from Table 6 the specimens tested 
under conditions of proportional loading (designated by “P’”’) did not show 
any significant variation from those tested under the sequence loading. There- 
fore, no distinction is made between the two types of loading. Mean stresses 
defined by Eq.(5) and (8) were calculated and are listed in Table 7. 


TABLE 7—MEAN COMPRESSIVE AND SHEARING STRESSES AT FAILURE* 
Nominal strength, Nominal strength, Nominal strength 
‘ ) psi 4500 psi 6000 psi 
Specimen Ca Ta Specimen _@ Ta Specimen Ca Ta 


3C d 980 1040 I 4.5C d 1410 1560 6C d 1720 1900 
930 1030 1480 1640 1480 1630 


1010 1120 II 4.5C j 1360 1500 iC J 1860 2050 
1000 1100 1440 1590 2070 2290 


1990 2200 
1870 2070 


130 4.5T f iT A 220 
130 170 


170 j iT d 290 
150 300 


Il 3TC.2 / 360 re F 2 J 3¢ 670 
360 36 670 


II 3TC.2A 360 
420 


ll 3T¢. 620 Il 4.5TC.4 6TC.4 J 55 830 
620 B 5£ 850 55 830 


III 3TC. 620 III 4.5TC. 820 6TC.4 ! 1100 
A 5 880 1160 


d 760 II 4.5TC.6A 1090 Il 6TC.6 1410 
B 830 B 1170 1470 


6A 800 Ill 4.5TC.6A 1140 Ill 6TC.6 1490 
B 860 - — 


‘CBA 1000 II 4.5TC.8A 1120 1340 Il 6TC.8 : 5 1820 
B 1010 B 1110 1390 i 1860 


III 3TC.8 P 810 1030 III 4.5TC.8A 


1120 1420 Ill 6TC. 57 1860 
P 1 


12 
110 1360 


*oo = mean compressive stress, psi; re = mean shearing stress, psi. 


The experimental data indicating the relationship between mean normal 
and shearing stress-ratios is shown in Fig. 6. Points represent average values 
for a group of similar specimens and the shaded area represents the scatter 
of the data. The experimental data can be closely approximated by a quad- 
ratic parabola of the form: 


ae 4 pz 4 o(*) (10) 
he fe fe 


where o, and f, are taken positive when compressive. The lower bound 
of the test data is approximated by a straight line, Fig. 6. Numerical values 
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of coefficients A, B, and C in Eq.(10) determined empirically from data 
shown in Fig. 6 are given below. 


Numerical coefficients 
Criterion 


A B Cc 
Based on 6 x 12-in. cylinders, f. = f.’ 
Parabola 0.050 1.224 0.826 
Straight line 0.050 0.949 0 
Based on 3 x 6-in. cylinders, f, = f.”’ 
Parabola 0.045 1.274 1.160 
Straight line 0.045 0.941 0 


For the special case of shearing stress r combined with uniaxial compression 
o the failure criteria defined by Eq.(10) can be transformed into equations 
relating conventional shearing and normal stress-ratios by substituting the 
following 


o 
Co, = — 


3 (11) 


and ; at 
tT. = 0.366 (o? + 3 1*)?? | 





c © 3000 psi CONCRETE 

f. -STRENGT 1D ¢ 
¢ -STRENGTH OF 6x12 CYLINDERS a 4500 esi CONCRETE 
o 6000 psi CONCRETE 
° 


1952 TEST DATA 
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Fig. 7—Shear-compression strength 
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ta The transformation leads to an equation of the form: 
» 3 ‘ ly 
— 0 0.1) A’ +B —)ee(—) +o0(—) +e (- ve (12) 
7. was 7. 7. i rls oA 
where the numerical coefficients for the failure criteria in terms of conventional 
stresses are given below. 
Numerical coefficients 
Criterion 
| Ae B' bg dD’ E’ 
Based on 6 x 12-in. cylinders, 
Parabolic 0.62 | 10.10 | 5.80 —18.60 +2.09 
on Straight line 0.62 7.86 | —8.46 0 0 
ns ” 
Based on 3 x 6-in. cylinders, 
he f. = fi. | 
Parabolic 0.50 | 9.50 | 8.63 — 27.20 4.13 
Straight line 0.50 7.01 | —8.85 0 0 
The test data in terms of conventional stresses ¢ and + and the empirical 
curves based on Eq.(12) are shown in Fig. 7. 
Discussion 
|) § Taking into account the scatter of the data it is desirable to select a con- 
servative failure criterion such as the “straight line’”’ criterion, which can be 
expressed in terms of ¢, 7, and f.’ as follows: 
° lk 
T Se fe} r- 
— = 0.1] 0.62 + 7.86 ( — } — 8.46 ( — (13) 
jf.’ Se fe 
where o and 7 are normal and shearing stresses at failure, and f,’ is the nominal 
compressive strength of 6 x 12-in. control cylinders. 
Yh For specific states of stress this criterion gives the following values: 
tt 
State of stress o T 
Pure compression fj.’ 0 
Pure shear 0 0.080 f.’ 
Pure tension — 0.076 f.’ 0 
“Maximum” shearing strength 0.4 f.’ 0.156 f.’ 


Strength obtained from the proposed straight line criterion is in reasonably 
good agreement with the test data for the “‘pure’”’ states of stress of com- 
pression and shear, and in reasonable agreement with the pure tension strength 
ala as obtained by various experimenters. The value of maximum shearing 
strength r = 0.156 f.’ when compressive stress o is within the range of 0.3 
to 0.6 f.’ is quite conservative. Test results indicate that shearing strength of 
0.2 f.’ can be developed under these conditions. 
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The limitations of the proposed criteria are as follows: strength is defined 
as maximum load carried by the test specimen; criteria are applicable to 
biaxial states of stress varying from pure shear to pure compression; criteria 
are not applicable to biaxial compression states of stress or to triaxial states of 
stress; duration of loading to failure is approximately 5 to 10 min; concrete 
is in a relatively wet condition; the physical characteristics of the ingredients 
(cement, sand, and coarse aggregate) and the mix proportions are similar to 
those used in this study. Within the limitations of this investigation the 
proposed criterion is in good agreement with test results. 


APPLICATIONS OF FAILURE CRITERION 


To determine strength of reinforced concrete structures under various 
conditions of loading and environment on a rational basis, the following 
problems must be considered: (a) stress distribution in uncracked and cracked 
reinforced concrete structures and (b) criteria of failure of plain concrete 
under various conditions of stress and environment. Solution of these prob- 
lems would lead to the clarification of the mechanism of crack propagation 
and failure in concrete structures. 


Determination of stresses around cracks in concrete and in the reinforce- 
ment of concrete structural elements cannot be accomplished by the conven- 
tional flexure theory and very little work has been done to define these more 
accurately. Westergaard’s work® is limited to stresses around a vertical 
crack due to pure flexure of beams, Wastlund’s work’ dealing with cracking 
of reinforced concrete beams is not primarily concerned with stress distribu- 
tions, and Saliger’s work® deals primarily with bond stresses. If the stresses 
in reinforced concrete elements could be defined with an adequate measure of 
precision then failure criteria developed earlier in the paper could be applied 
to define conditions governing crack propagation and ultimate collapse of the 
structure. 

As an indication of the possibility of applying the failure criteria developed 
in this study, a new method of determining the ultimate shear strength of 
reinforced concrete beams without web reinforcement is proposed. This 
method is limited to rectangular beams subjected to concentrated loads, and 
so proportioned that the shearing failure loads approach the flexural capacity 
of the beam. Beams so proportioned would seem to define a reasonably 
balanced design, as beams without web reinforcement having flexural ca- 
pacities greatly in excess of shearing strength are evidently overreinforced 
in flexure or perhaps more precisely underreinforced in shear. 


To simplify the determination of the ultimate shearing strength, the follow- 
ing conventional assumptions are made: 

1. Concrete cannot resist tension; 

2. Tension reinforcement does not transfer shear; and 

3. Failure occurs by the destruction of the compression zone. 
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The stresses in the shear-compression zone at loads approaching the ulti- 
mate vary throughout the depth kd of this zone (Fig. 8). The compressive 
and shearing stresses at a given point in concrete are o and r, respectively, 
and the stress in the steel reinforcement at the critical crack is f,. 


Assuming that the stresses o, 7, and f, can be defined in terms of external 
forces, geometry of cross section, rate of loading, and material properties, 
and that the failure criterion tr = f (¢) is known, three hypotheses of failure 
are possible. 

1. It is possible to assume that failure occurs when o and 7 at some critical point 
satisfy the failure criterion. In this case the criterion r = f (¢), may be dependent. on 
the nature of stress distribution, and the critical point would be defined for particular 
stress distribution. 

2. It is also possible to assume that ultimate failure occurs when o and 7 satisfy the 
failure criterion at all points. In this case, the failure criterion may also be dependent 
on the nature of stress distribution. 

3. Finally, a simple assumption can be made that failure occurs when the average 
stresses o and + satisfy the failure criterion r = f («), where o and 7 are defined as: 


Ve 
A, 


C 
A, 


where V, is the ultimate shear on the section, A, = portion of the cross section effective 
in resisting shear V,, and compression force C, and C is the compression force due to 
moment on the section, such that C = M/jd (Fig. 8). 


If the average normal stress ¢ at loads approaching failure is known, then 
7 can be determined from failure criterion 7 = f (¢) defined by Eq.(13), and 
the shearing strength V, can be determined from Eq.(14), if the effective 
area A, is known. 

Determination of ¢ and A, depends on the mechanism of failure. Two 
types of failures have been observed in beams failing in shear. The so-called 
diagonal tension failure is characterized by formation of a large diagonal 
crack followed almost immediately by crushing of the concrete in the com- 
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Fig. 8—Shear failure in 
simply supported beam 
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pression zone. This type of failure occurs in beams of intermediate length. 
The so-called shear-compression failure is characterized by formation of a 
diagonal crack which gradually flattens out, extends into compression zone, 
and finally causes crushing of concrete. This type of failure usually occurs 
in relatively short beams. 

It has been observed that for beams considered here ultimate shearing 
failure occurs in the compression zone at some undetermined section a dis- 
tance a from the support (Fig. 8). Furthermore, the mechanism of failure®.'®."! 
for the class of beams described above is such that the following assumptions 
appear to be reasonable: 

1. The longitudinal reinforcement stress f, at the critical crack is approximately 
equal to the yield strength f, of the reinforcement. This assumption appears to be valid 
for beams with moderate amounts of longitudinal reinforcement, 0.02 > p > 0.01, made 
of mild steel with a yield point stress f, < 50 ksi, and with a large yield-strain range. 
For beams with small amounts of reinforcement the stress f, may be in a strain-hardening 
region where f, is greater than f,, and for beams with high percentage of reinforcement, 
or reinforced with steel which has no well defined yield strength, the stress f, may be in- 
determinate, i.e., f, may be greater or less than f,. 

2. Average stress ¢ in the compression zone is approximately equal to the com- 
pression stress developed in plain concrete prisms failing in flexure. Recent experi- 
mental studies"? indicate that this can be approximated by 


3900 + 0.35 f.' . 

= e (16) 
3200 + f.’ 
This assumption appears to be valid for beams with concrete strength greater 
gun g 

than 3000 psi. For low values of f.’ the value of ¢ may exceed f,’ hence Eq. 
(16) does not appear to be a reasonable approximation for ¢ when f.’ is less 
than 3000 psi. 

The effective area A, of the shear compression zone for rectangular beams 
is equal to bkd, and can be determined by setting C = T’, as follows: 


, = te pbd 


Therefore 


bam Budd _ My 


a bd e 
where ¢ is given by Eq. (16). 
The ultimate shearing strength V, is obtained from Eq.(14) as follows: 


V. tr A, = 1 bkd. ‘ (19) 


where + = f (¢) is determined either from Eq.(13) or from Fig. 7, and k is 
defined by Eq.(18). 

This procedure was used to calculate values of shearing strength V,, for 
54 beams tested in the recent studies at the University of Lllinois, as shown 
in Tables 8 and 9. These beams were selected on the basis of sufficiently 
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large span/depth ratios so that the TABLE 9—SELECTED BEAM TEST DATA* 
beams exhibited typical shear com- 


pression failures. It can be seen from ae a vad A - 
the tables that the method is validfor ja. Gao os —— a 
beams having concrete strength f.’ f3M>b 670 4 27 2 
greater than 3000 psi, and percent and ,., one seen e400 oe 
type of reinforcement characterized *? _ aed 1.4 1. 
by values of pf, in the range of 600 to “41 4 — i= . 
1000. Good agreement is obtained for }% pa pn 71 + 
all of the 21 beams which meet the ®? 770 5128 0.61 1.16 
above limitations. The remaining } pond rn ¥4 BF 
beams fall outside the range of 3 a a . 3 
validity of the method proposed here, _,3 ye = SE oe 
either because of amount of reinforce- 1} = = re | 2 
ment or low concrete strength. For 1!3 a pre ye ‘e 
the 21 beams for which the method of ss _ an en a 
analysis applies, the average ratio of soda = on 


calculated shear strength to that ob- 
served in the test is 0.90, and the 
range of 90 percent of the values is 0.79 to 1.05. 


*Refer to Table 8 for sources of data. 


The shearing strength V, defined by Eq (19) is based upon quantities ¢ 
and kd which for the beams considered here are derived from the assumptions 
that f, = f, and « = f(f.’). Thus V, is completely defined when the propor- 
tions of the beam b, d, and p, the loading conditions, and the material char- 
acteristics f, and f,’ are known. As expression for V, does not contain any 
empirical constants derived from beam tests, the agreement between the 
computed values of V, and the test values V, serves as an independent check 
on the validity of the failure criterion. 

It may be argued that the assumption of f, = f, is tantamount to the 
assumption of flexural failure when maximum bending moment M, is 


M, = Tjd = (pf, bd) jd = pf, bjd?. (20) 


where jd is the lever arm of the internal resisting moment as defined by Hogne- 
stad, Hansen, and McHenry." 
Neglecting the effect of beam weight, the shear V, at flexural failure 


= Pha bid? 
z a 


V;, = M/a (21) 


where a is the distance from the support to the point of load application, 
usually called the shear span. Values of V; have been computed for the 21 
beams and are listed in Table 9. The average value of V;/V; is 1.22 with a 
range of 1.01 to 1.47. This is significantly higher than the average V,/V, 
of 0.90 with a range of 0.79 to 1.05 (based on 90 percent of the values), in- 
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dicating that for the 21 beams considered here the proposed method for de- 
termining shearing strength is in substantially better agreement with test 


results than the assumption of a flexural failure. 


CONCLUDING REMARKS 


Use of ‘‘mean”’ stresses appears to be a powerful tool for determining 
failure criteria. The particular criteria proposed here are valid only within 
the limits of state of stress, rate and duration of loading, and physical char- 
acteristics of the materials used in this investigation. 

It is evident that strength of concrete is a function of the state of stress 
and can not be predicted by limitations of tensile, compressive, and shearing 


stresses independently of each other. For example, concrete having pure 
compressive strength of f.’, and pure shearing strength of 0.080 f.’, would 
fail under compressive stress of 0.5 f.’ with the shearing stress increased to 
approximately 0.2 f.’. Therefore, strength of structural elements can be 
properly determined only by considering interaction of the various com- 
ponents of the state of stress. Such conditions as shrinkage, restraint to con- 
traction or expansion, foundation settlements, duration of loading, and 
previous stress history, may have an important effect on the state of stress 
at the critical section, and must be carefully evaluated, particularly with 
respect to possible reduction of strength. 

The method proposed for determining shearing strength of beams is ap- 
plicable only to the special group defined here and is not expected to have 
general validity. Strength of concrete beams subjected to combined shear, 
flexure, and axial loads is dependent upon a large number of variables. Par- 
ticularly, the problem of determining stress distribution in these beams at 
failure awaits a rational solution. For a class of beams considered here the 
stress distribution was approximated with reasonable accuracy and ultimate 
loads observed in tests were verified using the proposed failure criteria. 

Of utmost importance in the method proposed here is the concept that 
the cross-sectional area effective in resisting shearing and normal stresses at a 
critical section is that of the uncracked zone. Thus, the conventional defini- 
tion of the nominal shearing stress v = V/bjd, based on the nominal effective 
A = bjd is quite unsatisfactory because the actual effective area resisting 
shear is more nearly equal to A, = bkd. 

It follows that shearing stresses at the critical section may be considerably 
greater than the computed nominal stresses. Assuming approximate values 
of k and j as %% and %, the ratio of actual shearing stresses to the nominal 
value may be equal to j/k or 7/3. Thus, when the calculated nominal shear- 
ing stress is equal to 0.03 f.’, the actual shearing stress may be equal to 0.07 
f.’. It is readily seen that this stress has a low factor of safety at a section 
where compressive stress is nearly zero, say at the point of inflection, and 
‘cannot be resisted at all at a section where slight tension may exist due to 
longitudinal forces induced by shrinkage, temperature variations, or other 
causes. 
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Economic Factors in Prestressed Lift-Slab 
Construction* 


By EDWARD K. RICE 


SYNOPSIS 


The use of prestressed concrete lift slabs to obtain substantial advantage in perform- 
ance of the slab is discussed. Items covered include cost trends in conventional versus 
lift-slab construction and factors affecting the economy of prestressed lift-slab construc- 
tion including building layout, structural framing schemes, use of precast columns, 
connections, and prestressing layout. 


INTRODUCTION 


The rapid growth in the use of prestressed concrete lift-slab construction 
in the southwestern part of the United States has clearly demonstrated the 
basic economy of this type of construction. To date, at least 41 structures 
involving 2,000,000 sq ft of prestressed concrete lift slabs have been built. 
An additional 3,000,000 sq ft of slabs are now known to be in the design or 
building stage. The completed structures range in size and occupancy from 
10,000-sq-ft industrial buildings with roof parking to a six-story state office 
building of 250,000 sq ft. 

A major factor in the success of prestressed concrete lift-slab construction 
is that the prestressing of the slabs and the lifting construction technique 
complement each other to provide many advantages not experienced when 
either is used alone. By prestressing the slabs, deflections experienced in 
reinforced slabs can be controlled and, by using lift-slab construction methods, 
the elastic and some of the plastic shortening of the prestressed slabs can con- 
veniently be allowed for before the connection to the columns is made. 


THE LIFT-SLAB DEFLECTION PROBLEM 


In conventional cast-in-place reinforced concrete construction, it is common 
practice to camber the soffit forms sufficiently to allow for the dead-load de- 
flection of the slabs. However, in lift-slab construction, it is generally im- 
practical to provide sufficient camber in the grade slab, which is used as a 
soffit form, to allow for the dead-load deflection of a reinforced concrete slab. 

On some buildings, a waste slab has been cast on top of the grade slab to 
provide a cambered surface. On others, the reinforced concrete lift slabs 

*Presented at the ACI 10th regional meeting, Seattle, Wash., Nov. 6, 1957. Title No. 55-21 is a part of copy- 
righted JouRNAL OF THE AMERICAN ConcrReETE INstituTE, V. 30, No. 3, Sept. 1958, Proceedings V. 55. Separate 
prints are available at 50 cents each. Diseussion (copies in triplicate) should reach the Institute not later than Dec. 


1, 1958. Address P. O. Box 4754, Redford Station, Detroit 19, Mich. i 
tMember American Conerete Institute, Partner, T. Y. Lin and Associates, Los Angeles, Calif. 
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Fig. 1—Bending stress at various stages 


have been made deeper and the reinforcing steel stresses reduced in an effort 
to minimize deflections in the slabs. These measures produce somewhat 
satisfactory results; however, when such measures are resorted to, some of the 
cost savings of lift-slab construction have been lost. 

Where particular care has not been taken to limit the deflection, reinforced 
lift slabs have deflected as much as 2 in. immediately after lifting, and, had 
additional supports not been provided, would have deflected more than 3 in 

Experience indicates that only for spans of less than perhaps 18 ft are rein- 
forced lift slabs satisfactory in behavior and economical in construction. To 
achieve satisfactory results economically with lift-slab spans greater than 18 
ft, the slabs must generally be prestressed. 

By properly placing the prestressing tendons in a slab, the dead-load de- 
flection plus any desired amount of the live-load deflection may be balanced 
by the internal prestressing force. In this way, it is possible to cast a lift 
slab on a flat grade slab and have it remain flat after lifting. 

Perhaps the simplest way of visualizing how the slab loads are balanced 
by prestressing force is to look at the bending stress diagrams for a simple 
span slab. In Fig. 1(a) is shown the stress diagram of the prestressing alone. 
The lower fibers at midspan are compressed. Fig. 1(b) shows the stress 
diagram after the slab has been lifted. In this case, the lower fibers are still 
compressed somewhat more than the upper fibers; this difference will cause 
the slab to tend to camber upward a small amount. 


A good design practice is to estimate the fixed portion of the live load and 
to design the slab so that it will be flat when the dead load plus the fixed por- J 
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tion of the live load is applied. This condition is shown in Fig. 1(c). In 
office-type buildings, it has been found by weighing the actual contents and 
dividing by the area that the fixed portion of the live load is only about 8 Ib 
per sq ft. 

In Fig. 1(c), the stresses in the lower fiber and the upper fiber are the same, 
and since the compressive shortening in the upper and lower fibers is equal 
there is no bending in the slab at this point. If the bending stress distribution 
is rectangular at every point in the slab, then the slab will be flat under the 
given loading condition. With a rectangular bending stress distribution in 
the slab, the effect of plastic flow does not cause the slab to deflect with time 
as a reinforced slab does. Since the stresses in the upper fiber of the slab 
are the same as in the lower fiber, the amount of plastic shortening will be the 
same along both fibers and the slab will remain flat. 

When the full live load is applied to the slab, the bending stress diagram 
may look like Fig. 1(d). Under this condition, the slab will have some de- 
flection; however, upon removal of the load, complete recovery should be ex- 
perienced. Under full live load it is often good practice to allow a certain 
amount of tension in the slab. If no tension is allowed under the design 
live load, the slab will have excessive compression in the lower fibers. This 
condition will tend to camber the slab upward. The amount of allowable 
tension will vary depending upon the ultimate strength of the slab and other 
considerations. 

Field measurements of deflections of prestressed flat slabs have been made 
both immediately after lifting and at intervals after the building was com- 
pleted. These measurements have shown that properly designed prestressed 
slabs have little if any noticeable deflection. Similar measurements on con- 
ventionally reinforced lift slabs have shown objectionable deflections which 
increase with time. 


COMPARISON OF COST TRENDS: CONVENTIONAL CAST-IN-PLACE 
CONSTRUCTION AND LIFT-SLAB CONSTRUCTION 


When working with new construction methods, in which seemingly large 
advances in technology are being made on each project, it is of interest to 
compare the relative cost of conventional methods against the new methods 
to see if the advancing technology is really reducing the cost to the owner. 


To make such a comparison, a typical building bay of 500 sq ft has been 
chosen. For conventional construction, a 9'%-in. slab was assumed, with 6 lb 
of reinforcing steel per sq ft and a 12 in. square column 12 ft high. For the 
prestressed concrete lift-slab structure, a 6-in. slab with 1 lb of prestressing 
steel plus 0.5 lb of regular reinforcing steel per sq ft with either a 12 in. square 
precast concrete column or a standard steel wide flange column were used in 
estimating the material and labor. Applicable unit cost figures for the San 
Francisco area for years 1952 through 1957 were assembled. From these 
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TABLE 1—COST COMPARISON OF CONVENTIONAL CONSTRUCTION AND 
PRESTRESSED LIFT-SLAB CONSTRUCTION* 


1957 1954 1952 
Item Quantity required Unit cost Unit cost Unit cost 


per sq ft of Unit per sq ft of Unit per sq ft of Unit per sq ft of 
slab price slab price slab price slab 


Conventional construction: 944-in. slab; 6 lb steel per sq ft; 500 sq ft per column; 12x 12-in. column, 12 ft high 


FORMS 

Plywood 0.5 sq ft 14.91 |0.075 14.§ 075 

Shores 1 fbm 83.00 |0.083 62 062 

Labor 0.1 man-hr 3.45 0.345 2.4 290 
CONCRETE 

Material 03 cu yd 12.75 0.385 2.14 370 10.30 
Labor 08 man-hr 2.42 (0.200 ; { 166 70 


REINFORCING 
Material 6 Ib 0.091 0.550 410 0.0650 0 
Labor 0685 man-hr 3.50 0.240 ‘ 210 2.70 0 


COLUMNS 
Steel— Labor 043 man-hr 3.50 0.015 I 013 2.70 0 
Material 29 Ib 0.091 0.027 0.020 0.0650 (0.019 
Concrete— Labor 0033 man-hr 3.45 (0.011 , 0.010 2.45 0.008 
Material 001 cu yd 12.75 (0.013 2.1% 0.012 10.30 0 


1.944 1.638 1.452 


Prestressed lift-slab construction: 6-in slab; 1 lb prestressing steel and 0.5 lb mild steel per sq ft; 500 sq ft per column; 
12 x 12-in. column, 12 ft high 


FORMS (no edge forms above) 

CONCRETE 

Material 0185 cu yd 12.75 (0.235 
Labor 039 man-hr 2.42 |0.095 
REINFORCING 

Material 5 lb 0.091 |0.045 
Labor 0057 man-hr 3.50 (0.020 
PRESTRESSING 

Material 1 ib 0.55 (0.550 
Labor 0285 man-hr 3.50 (0.100 
LIFTING 1 sq ft 0.25 0.25 : 0.35 


COLLARS 500 sq ft 35.00 0.07 60.00 


CONCRETE COLUMNS (Same as conventional) 0.066 
Miscellaneous Iron $25 each per 500 sq ft 0.050 
Erection $15 per 500 sq ft 0.030 


STEEL COLUMNS 1.08 lb per sq ft 2 21 173 


1.669 


*All costs shown in dollars 


data, shown in Table 1, a relative cost index in dollars per square foot of slab 
was compiled. 

In Fig. 2 are shown the cost indices for the years 1952 through 1957. The 
rising cost curve for conventional construction is familiar to those acquainted 
with current construction cost trends. There are two curves for prestressed 
concrete lift-slab construction—one for concrete columns and the other for 
steel columns. It was anticipated that a greater divergence would be shown 
between the lift slab with concrete columns and that with steel columns. 
The divergence will probably be more pronounced when the 1958 points are 
plotted. 





PRESTRESSED LIFT-SLAB 
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LLIFT-SLAB CONSTRUCTION 
(CONCRETE COLUMNS) 
CONVENTIONAL CONSTRUCTION 


INDEX ($1 FT.?) 


cOsT 


—_— r n on 
1952 1954 1956 


CONSTRUCTION PERIOD 


Fig. 2—Cost comparison of conventional construction and lift-slab construction 


Examine the cost curves chronologically. During the period from 1952 
to 1954, prestressed lift-slab construction was generally restricted to buildings 
in which its use was dictated by factors other than the first cost of labor and 
material. In some structures, prestressed lift-slab construction was used to 
shorten the construction time. Records show a time saving of approximately 
30 percent in favor of prestressed lift-slab construction over conventional 
construction. Other structures in this period were of prestressed lift-slab 
construction because of architectural considerations. 

In 1954, alternative prestressed designs were prepared for two buildings 
for the state of California. On these two projects, the prestressed concrete 
designs were bid in competition with conventional cast-in-place reinforced 
concrete construction and a reinforced concrete lift-slab alternative. On 
one building, the prestressed alternative was bid slightly cheaper than the 
other types of construction; on the second project, the conventionally rein- 
forced lift slab was bid slightly cheaper. On these projects, time of construc- 
tion was not a factor and the architectural requirements could be met equally 
well with any of the methods. After 1954, it became evident that prestressed 
lift-slab construction, when properly conceived and designed, was cheaper 
on a first cost basis than other types of construction. 


FACTORS AFFECTING THE ECONOMY OF PRESTRESSED 
LIFT-SLAB CONSTRUCTION 


Of course, not all structures can be economically framed of prestressed 
concrete lift-slab construction. Some types of structures which are not now 
readily adaptable to prestressed lift-slab construction include structures on 
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Fig. 3—A 6-in. prestressed roof slab, having been cast on top of second-floor slab at 
ground level, is being lifted at 15 ft per hr to top of precast concrete columns 


hillsides with stepped grade slabs, and structures which have a fairly close 


spacing of concrete walls which may serve as bearing walls, such as prison 
cell blocks. Also, the expense of cutting prestressing tendons to a great 
number of lengths makes structures of highly irregular shapes generally un- 
economical. 

Considering total economy, the building layout and structural framing 
scheme are more critical in prestressed lift-slab work than in other types of 
construction. 

Column layouts, stairwell and plumbing chase locations, size and shape of 
sections to be lifted, and column connections are all factors which must be 
carefully considered. As in most new types of construction, lift-slab con- 
struction often requires a greater effort on the part of the designer than is re- 
quired for more conventional construction. To achieve maximum economy, 
careful layout of practical details is a “must,” and in order to assure a satis- 
factory construction, a high degree of job site supervision is required. 


Structural framing schemes 
Several structural framing schemes have been used including the following: 
Solid flat slabs—These are the simplest and easiest to design and construct. 
Solid slabs are generally economical for spans of 20 to 30 ft. Slab thicknesses 
of 41% to 9 in. have been used. At the present, most roof slabs are either 54% 
or 6 in. thick and floor slabs 6 or 6% in. thick. The structure shown in Fig. 3 
is a furniture warehouse in Los Angeles. The second-floor slab is 6% in. 
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PRESTRESSED LIFT-SLAB 


Fig. 4—Post-tensioned prestressing tendons in a 642-in. two-way prestressed flat floor 
slab. Each tendon contains 7 wires of Y4 in. diameter high tensile steel 


thick, has a 23-ft span, and is designed for a live load of 100 psf. Two bays 
of this building were load tested with sand to a live load of 150 psf. The 
maximum deflection was less than 3/16 in. After 24 hr, the load was removed 
and the slab returned to its original position. Solid flat slabs have unusually 
large factors of safety. Shown in Fig. 4 are the prestressing tendons in place 
in a two-way prestressed slab. In a vertical plane, the tendons are curved 
to follow generally the inverse of the bending moment curve. 

Inverted beams—For long roof spans in one direction, inverted beams on the 
roof are a practical framing scheme. Spans of 40 to 140 ft parallel to the beams 


ie? 


Fig. 5—Clear areas on the ground floor are made practicable by hanging the second 
floor from inverted beams on the roof 
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ff 


Fig. 6—A prestressed concrete cored lift slab is used to achieve long spans in a new 
classroom building at San Jose State College 


with column spacings between the beams of 20 to 24 ft are economical. 
Both hollow box, I-beam, and rectangular cross sections have been used. 


For some buildings requiring clear areas on the ground floor, the second 


floor has been hung from the inverted roof beams with tie rods (Fig. 5). 


Cored or waffle slabs—When large bays are required, cardboard boxes are 
used to core the slab and thereby to reduce the dead load (Fig. 6). Bays of 
30 to 50 ft are economical in cored-slab construction. Since the concrete 
stresses are much higher in cored slabs, the designer and the constructor must 
execute a cored-slab structure more carefully than flat-slab construction. 


Fig. 7—In one direction the 
prestressed concrete lift-slab 
span may be increased by 
forming “dropped” beams in- 
to the grade slab. Parking 
deck spans of 52 ft with an 
18-in. total structural depth 
have been constructed 
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Dropped beams—When flat roof areas are required for roof parking, long 
pans in one direction can be achieved by a ‘dropped beam”’ slab configura- 
on, With the beams spanning between columns and a one-way slab spanning 

between beams. The beam is easily formed by omitting short strips of the 
vrade slab and placing the beam forms in the resulting trench. The slab 
ind the “beam” are cast at one time resulting in a monolithic section (Fig. 7). 
Clear spans of 52 ft with a total structural depth of 18 in. have been designed 
to carry a parking deck load. 


Precast concrete columns 

The use of precast columns in lift-elab construction has helped reduce the 
over-all cost. The pull-rod spacing of early lifting equipment restricted 
the column size to 10% in., which was generally not wide enough for practical 
conerete columns. Later equipment has wider rod spacing which allows 
columns up to 22 in. wide to be used. 

Concrete columns, in general, have a much larger moment of inertia than 
do equivalent steel columns. This increase in bending resistance adds to the 
stability of the columns during the lifting of the slabs. Often the temporary 
bracing, which would be required if steel columns were used, can be elimi- 
nated when concrete columns are used. 

The base connection between the column and the grade slab is critical in 
lift-slab construction as the column must act as a cantilever during erection 


Fig. 8 (left)—A precast concrete column is placed into a preformed socket in the grade 

slab. After the column is plumbed, the space between the column and the socket will 

be dry-packed. The column extends into the socket 18 in. Fig. 9 (right)—By casting 

steel angles into the precast concrete columns, a standard double nut column-to-footing 
connection may be used 
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of the slabs. In general, two types of base connection have been used. Show 
in Fig. 8 is a socket type of connection in which the column is dry-packed 
into a preformed socket in the grade slab. In Fig. 9, an anchor bolt connec 
tion to the footing is shown. Angles have been cast in the column to form a 
base plate which is secured to the footing with conventional anchor bolts and 
double nuts. 


When long columns are required, they can be more economically built of 


prestressed concrete. Prestressing tends to increase the elastic stability of the 
columns. 


Column-to-slab connection 


The connection between the column 
and a lifted slab is one requiring care- 
ful study. To reduce the lifting cost, 
the connection must be capable of 
rapid execution, as the lifting equip- 
ment can not be moved to the next 
section until the connections are made. 
On early work, welded connections 
were used which required several 
hours of work to complete. Recently, 
a shear key type of connection has 
been developed which can be installed 
in only a few minutes. 





Shown in Fig. 10 is a shear key 


Fig. 10—The workman is sliding a 2 x being inserted into a pocket in the pre- 


~ ae eee —- cast column. When keys have been 

key is in place, the lift slab, which has been inserted through all the columns, the 

raised slightly high, will be lowered onto slab will be lowered onto the keys to 

the key to make the final connection be- make the final connection between the 

tween the column and the lift slab. Wind 

and earthquake loads are taken by shear 
walls 


slab and the columns. 


Lifting collars 


One of the major cost factors in early lift-slab construction was the high 
cost of the steel lifting collars or shear collars. The prestressing of the slabs 
has increased the reliability and the magnitude of the shear resistance of 
collars. 


Concrete 


Both normal weight and lightweight concrete have been used in prestressed 
lift-slab construction. Generally a 28-day cylinder strength of 4000 psi is 
used, and the slabs are stressed when the concrete strength reaches 3500 psi. 
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maximum aggregate size of 1% in. is generally used to reduce the cement 
itent and the shrinkage of the concrete. 


Prestressing 
lo date, nearly all lift slabs have been prestressed with some type of non- 
mded tendon with button head type of end anchorage. Grouted tendons 
have been tried, only occasionally, yielding inconsistent and often poor results. 


Watertight slabs without roofing or membrane 


One of the biggest advances made to date in roof construction, particularly 
for roof parking decks, has been in the development of prestressed concrete 
decks which are watertight without conventional roofing or a membrane of 
any type. To date, at least six prestressed concrete structures involving about 


200,000 sq ft of roof slabs have been constructed without roofing. 

The cost and weight savings, by eliminating the conventional roofing and 
wearing surface, have made roof parking an economical solution to the park- 
ing problem in areas where one-story structures are constructed. 


Wall material 

Various wall materials have been employed with prestressed lift-slab con- 
struction including glass, metal, masonry, and tilt-up panels. 

It is evident that with rising material and labor costs and a desire on the 
part of owners for faster construction, there will be increasing use of prestressed 
lift-slab construction. 
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SYNOPSIS 


Size distribution, frequency of air voids, spacing factor, and freezing and 
thawing resistance of concrete are influenced by many factors, among the most 
significant being water-cement ratio and degree of compaction. Increased 
freezing and thawing resistance generally reflects a reduction in void size and 
spacing factor. Such reductions are obtained, other factors being equal, 
through reduced water-cement ratio, increased amount of air-entraining agent, 
and in the case of void size through increased periods of vibration. Reduc- 
tion of water-cement ratio increases the proportion of air-entraining agent 
necessary to produce a given air content but the air content required for maxi- 
mum durability is decreased as the water-cement ratio is decreased. Increas- 
ing periods of vibration reduce the total air content and increase the specific 
surface of air voids, but have relatively little effect on spacing factor. For 
any one concrete there is an optimum air content and void spacing factor for 
optimum resistance to freezing and thawing. Spacing factor which obtains at 
optimum freezing and thawing resistance of a single concrete variously vibrated 
may or may not be the smallest in magnitude. 


INTRODUCTION 


The first reportt? of this series discussed various factors influencing the 
development, during mixing, and the subsequent behavior of an air void 
system in concrete up to the point at which hardening prevents further activity 
of the bubbles. Part 2tf discussed the various void systems developed by 
different types and proportions of air-entraining agents and their influence on 
freezing and thawing resistance. Part 3 presents results of various investiga- 
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tions into the effects of water-cement ratio and compaction by vibration o1 
air void parameters and freezing and thawing resistance of concrete. 


INFLUENCE OF WATER-CEMENT RATIO 


If other conditions and relationships are constant, including the ratio of 
the air-entraining agent to mixing water, water-cement ratio influences 
the size distribution of air voids because the viscosity of the water phase and 
the air content of the cement paste are altered greatly as water-cement ratio 
changes. As the water-cement ratio decreases, the viscosity of the water 
phase increases and the air content of the cement paste decreases. The rate of 
diffusion of dissolved air tends to decrease with increased viscosity of the 
water phase and the amount of air diffused from small bubbles to large de- 
creases with increased distance between bubbles. Hence, both factors favor 
retention of large values of @ (specific surface of voids) at low water-cement 
ratio. At any water-cement ratio within practical limits, L (spacing factor) 
may be small or large depending upon the efficiency and concentration of the 
air-entraining agent employed. However, decreased viscosity and increased 
air content of the cement paste attending an increase in water-cement ratio 
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AIR VOID SYSTEM 


TABLE 1—EFFECT OF WATER-CEMENT RATIO ON THE 
VOID SYSTEM OF CONCRETE 


Void parameters determined microscopically 
Proportion Water 
of air- content,|Slump,| Paste Chord Voids : 
entraining lb per in. content, Air inter- | Specific inter- Spacing | expansion 
admixture (J) cu yd percent, jcontent,| cept, surface, cepted factor, per cycle, 
ml per cu yd percent in. in.-! per in. L, in. millionths 


I reeze- 
thaw 


Constant amount of agent series* 


30.1 é 0.0039 1030 5.9% 0069 
31.9 + 0.0045 889 ¢ 0062 
28.1 5.3 0.0066 606 0079 
25.6 j 0.0082 56 0085 


‘onstant air series 


2250 365 5 
980 312 3.3 
609 288 2.8 
451 287 2.9 
404 286 2.8 


8 0.0029 ‘ 56 0.0043 
7 0.0042 952 18 0.0055 
2 0.0052 40 0.0060 
i) 0.0061 156 8.04 0.0072 
3 0.0080 5 5.63 0.0089 


*Concrete wet-screened from 1 44-in. maximum size aggregate to %-in. maximum size. Data obtained on 3 x 6-in. 
ylinders. 


tend to decrease a, but L may still be small or large. In addition, any factor 
which increases the rate of hardening of concrete will tend to increase L be- 
cause greater time is allowed for transmission of air from small bubbles to 
large.* 

To illustrate, in Fig. 1 are plotted the air void parameters (Table 1) of two 
series of concrete mixtures in one of which the proportion of air-entraining 
agent was held constant ;*? 


9 


in the other®* the air content was held constant. 
Water-cement ratio varied widely in both series. A study of these curves 
indicates that an increase of water-cement ratio with amount of agent held 
constant tends to increase the size of the bubbles (decrease the magnitude 
of a) and to increase the air content of the cement paste greatly. In the 
usual range of mixtures, if the ratio of air-entraining agent to mixing water 
is maintained approximately constant as water-cement ratio is increased, the 
spacing factor L remains essentially constant or may decrease slightly because 
of the great increase in air content of the cement paste. However, if the 
concentration of air-entraining agent is decreased so as to maintain the con- 
crete’s air content at about the level obtained in similar concrete at lower 
water-cement ratio, L will increase materially with consequent decrease in 
resistance of concrete to freezing and thawing. 

In these two series, insufficient air was entrained to provide maximum 
resistance to freezing and thawing for any of the concretes. In other tests, 


it has been found®® that concretes containing *4-in. maximum-size aggregate 
and having water-cement ratio of 0.45 and 0.55 require from 6 to 8 and from 
9 to 13 percent of air to develop this maximum, and lower or higher water- 
cement ratio requires less or more air, respectively. Note that for air contents 


*The tendency for increased L with increase in time of hardening may be more than offset in particular struc- 
tures because of secondary effects of the phenomena causing the retardation, such as reduced temperature or a 
hemical retarder. 
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Fig. 2—Change of distribution of void section size with change of water-cement ratio 
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up to about 25 percent, the two concretes were more resistant than control 
concretes which contained no entrained air. This excessive air content, of 
course, results in excessive loss of compressive strength and may have no prac- 
tical application. However, it emphasizes the need for adequate air initially 
entrained in order to develop an effective air void system and freezing and 
thawing resistance. 


Void size distribution 

Void section distribution analyses based upon areal traverse of con- 
crete of similar air content but differing water-cement ratio reveal widely 
differing frequency distribution of the void section sizes (Fig. 2). Approxi- 
mately 75 percent of the void sections are 50 microns or less in diameter for 
the concrete of low water-cement ratio (0.35), whereas only about 12 percent 
of the voids are in this size range in the concrete of high water-cement ratio 
(0.75). The smallest void section observed in the concretes whose water- 
cement ratio is 0.35 or 0.55 is between 7 and 8 microns, whereas the smallest 
void section observed in the concrete whose water-cement ratio is 0.75 is 16 
microns in diameter. 

The change in void size distribution is indicated more quantitatively by 
the calculation devised by Lord and Willis'* for data obtained by the modified 
linear traverse (Table 2). With increase in water-cement ratio from 0.35 to 
0.55, the number of voids per cu in. of concrete decreases from about 7,150,000 
to about 2,470,000. At a water-cement ratio of 0.75 the concrete contains 
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y about 700,000 voids per cu in. Also, voids less than 20 microns in diam- 
er constitute 58 percent of the total number of voids at a water-cement 
itio of 0.35 and only 9 percent of the voids at a water-cement ratio of 0.75. 
With water-cement ratio of 0.35 and 0.55, most of the voids are less than 20 
icrons in diameter, whereas at a water-cement ratio of 0.75, most of the 
ids are between 20 and 40 microns in diameter. 
Spacing factor related to freezing and thawing resistance 
Fig. 1 shows the correlation existing between the spacing factor and the 
freezing and thawing test results obtained from the same series of concretes 
cited ratio 
possessed a smaller spacing factor and were more resistant to freezing and 
thawing action than the concretes of high water-cement ratio. This is true 
regardless of whether the air content or the amount of agent is held constant. 
The one exception exists in the ‘‘constant agent” series in which concrete 


above. With but one exception low water-cement concretes 


having a water-cement ratio of 0.60 developed greater resistance than did 
similar concrete of 0.40 water-cement ratio. This can possibly be explained 
by the relatively low air content, 2.3 percent as opposed to 4.4 percent, of the 
richer concrete which would normally require 4 to 5 percent air for optimum 
durability or spacing factor. The leaner concrete, entraining more nearly its 
optimum percentage of air, possessed a superior spacing factor and proved to 
be more durable. This is not inconsistent with the findings reported pre- 
viously.2° However, this apparent 
reversal should not be regarded as 
This statement 


TABLE 2—EFFECT OF WATER-CEMENT 

RATIO ON THE SIZE DISTRIBUTION OF 

VOIDS IN CONCRETE OF NEARLY CON- 
STANT AIR CONTENT* 


typical. is substan- 


tiated by voluminous data, not pre- 
sented here because of the lack of in- 


Number of voids 


Diameter of 
per cu cm of concretet 


voids, 
microns 


formation concerning void parameters, 


which show each water-cement ratio >= 035\W/C <0 58\W/C @ 0.75 


to have an individual optimum air 
content, with respect to freezing and 
thawing resistance, at which richer 
mixes are invariably more durable 
than are the leaner ones. 

[It must be pointed out that the 
foregoing analysis was made on the 
basis of freezing and thawing expan- 
sion, which is indicative of internal 
damage. From the standpoint of sur- 
face scaling and crumbling during freez- 
ing and thawing, the leaner mixes 
were also inferior but without excep- 
tion, the anomaly discussed above not 
being apparent when weight loss is the 
criterion of freezing and thawing re- 
sistance. 


73,240 
39,685 
16,285 
8191 
5215 
4002 
889 
832 
523 
1381 
129 
120 
61 
94.: 
450 54 
500 j 104 
600 : 14.% 
700 : 1 
800 20.5 
900 
1000 
2000 
3000 
4000 


Total 436,479 .6} 


*See Table | for mixture proportions. 


150,851.7t 


4000 
20,661 
7878 
3234 
1589 
1103 
694 
531 
779 


1672 


42,810. 


tCaleulated in accordance with the method estab- 


lished by Lord and Willis." 


tCorresponding numbers of voids per cu in. of con- 
crete are 7,153,890, 2,472,447, and 701,655, respectively 
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INFLUENCE OF COMPACTION 


The method and extent of compaction used to place concrete exert a funda- 
mental influence on the air voids. Air content is reduced by the process of 
compaction, primarily because movement of air bubbles to and escape from 
the surfaces of the concrete is facilitated by vibration, and, to a lesser extent, 
because some of the larger bubbles are broken into smaller bubbles in which 
the air content is more compressed by the capillary tension. The decrease 
in air content effected by the compacting process is, in part, a function of 
the work done in vibrating a unit volume of concrete and the surface area of 
the concrete exposed to the atmosphere. As is shown by Higginson** loss of 
air is greater from small specimens than from large for equal unit vibration, 
and loss of air from mass concrete in structures is relatively small.- Also 
significant are the properties of the mixture, such as consistency, and the 
gradation, sand content, and particle shape of the aggregate, and the type of 
agent used to entrain the air. 

Analysis of hardened concrete and mortar demonstrated consistently that 
compaction in laboratory specimens results in a material decrease in air 
content and also a decrease in the average size of air voids. However, spacing 
factor remains relatively constant. This is true whether the compaction is 
accomplished by hand rodding or tamping or a mechanical vibrator. More- 
over, it is true regardless of whether the concrete or mortar contains an air- 
entraining agent. For example, three otherwise similar mixtures were pre- 


TABLE 3—EFFECT OF HANDLING AND MOLDING ON THE VOID SYSTEM OF 
CONCRETE 


Void parameters determined microscopically 


Source Air Chord Specific Voids Paste- Paste Spacing 


of content, intercept, eurface, intercepted air content, factor, 


sample percent in. in.-! per in. ratio percent* L, in. 


Natural gravel coarse aggregate, low air content 


Mixer 0.0135 296 , , 2: 0103 
Unit weight can : 0.0095 : 3.! k 24.88 0130 
Slump cone 2.4 0.0090 3.2% y 2: 0135 
Hand rodded bar 2.3 0.0071 56: 3.2; ( 25.16 0117 
Vibrated cylinder ae 0.0065 y15 3.38 5 2: 0110 


high air content 


Mixer ‘ 5 356 16.884 
Unit weight can 5 55 14.716 
Slump cone f 13.921 
Hand rodded bar be } 13.694 
Vibrated cylinder E ‘ 14.614 


Crushed limestone coarse aggregate, high air content 


Mixer 3.1 0.0057 702 
Unit weight can f 0.0045 889 
Slump cone 0.0043 930 
Hand rodded bar : 0.0040 1000 
Vibrated cylinder 5. 0.0032 1250 


*Corrected for air content of the concrete. 
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red with differing proportions of Agent J so as to effect a range of air con- 
it from about 3 to 7 percent. The mixtures were sampled immediately 
ter mixing was complete, without molding or compaction. Other specimens 
the concrete were obtained from the unit weight measure and slump cone 
with no further manipulation of the concrete than that required by the two 
sts. In addition, formed specimens were prepared by hand rodding and by 
ibration. After curing, the concrete was analyzed by the linear traverse 
method (Table 3). Air content and the average chord intercept were reduced 
by factors of nearly 2 or more, and @ was increased proportionately by the 
manipulation incidental to molding and compaction of the specimens. How- 
ever, L remained within narrow limits, ranging from 0.0103 to 0.0135 in. in 
the low air content series, and from 0.0034 to 0.0044 in. or from 0.0024 to 
0.0034 in. in the two high air content series. 

These results reaffirm previous conclusions that, within close limits, the 
magnitude of L is established by the inherent characteristics of the concrete 
mixture itself, including the nature and concentration of air-entraining agent. 
Handling, placing, and compacting operations do not significantly alter L but 
do materially decrease the air content and so minimize the loss of strength, 
(Fig. 3) which otherwise would accompany the development of a void system 
characterized by low values of L. In the series illustrated in Fig. 3, a gain of 
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Fig. 3—Excellent correlation between strength and air content where specimens were 

vibrated different amounts. Note a gain of 300 psi for each percent air vibrated out, 

a considerable gain but not quite equal to strength lost by increasing air initially 
entrained 
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Fig. 4—Increase of surface 
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300 psi was obtained per percent decrease in air by vibration. A net loss of 
approximately 150 psi per percent of entrained air was obtained with increase 
of air content between the 6 and 8 percent concrete mixtures. 

The change effected in the void size is controlled by the kind and duration 
of compaction employed in preparation of the specimens. With the number 
of tamps varying from 15 to 75, the air content of mortar bars containing no 
air-entraining agent decreased from 3.5 to 2.4 percent, and a increased from 
about 354 in.-! to 462 in.-! (Fig. 4). Concrete containing no air-entraining 
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TABLE 4—EFFECT OF VIBRATION ON TABLE 5—EFFECT OF INTERNAL VIBRA- 
THE VOID SYSTEM OF CONCRETE* TION ON VOID SIZE DISTRIBUTION IN 
CONCRETE* 


Vibration time (seconds) 
| parameters determined 


microscopically t 2 50 . Number of voids per cu cm of 
Diameter of concrete 


content, percent 6.70 20 voids, microns 


ecific surface, in.-! 870 1540 


Numbe roids intercepted 
— Se. we 4614 20 155,839 68,869 
g : » te 7 ’ 0.0046 0.0058 40 96,180 20,887 

cing factor, in 4 ) 60 19830 15'641 


2 sec vibration 50 sec vibration 


80 14,666 2981 
*3{-in. maximum-size natural aggregate; 45 percent 100 1836 

sand in aggregate; water-cement ratio = 0.51; 278 lb 120 5847 838 

water per cu yd; slump = 2.9 in.; paste content = 140 5s 491 

6.8 percent; 587 ml Agent J per cu yd of concrete. 160 306 

tSee Table 5 for distribution of void sizes. 180 : 265 

200 i 180 
250 525 70 
300 3S 19 

age shav in a lik ‘ r > 350 f 2 

agent behaved in a like manner, the aoe s 2 

air content decreasing from 3.3 per- ee 23. 23 
wv 0” 

cent after 5 sec vibration to 1.0 per- = 0 
‘ 6 

cent after 20 sec vibration, and a in- = 

creasing simultaneously from 160 in.~! — 2.4 

to 496 in.-' (Fig. 5). Similarly, air a4 e 

content of concrete containing 12.3 

percent of air after 5 sec vibration fell 

y — ai - 9 — a *See Table 6 for mixture proportions. 
to 7.3 per ent air during 20 sec of vi tCaleulated in accordance with the method estab- 


bration, and @ increased from 800 in.-! shed by Lord and Willis.'* 


tCorresponding numbers of voids per cu in. of con 


Total 303,163 121,438 


to 1380 in.-! (Fig. 5). The data were ‘Tete 9te 4,968,841 and 1,990,368, respectively. 
* . . « . c eo 


obtained on 3x6x1-in. slabs cut 

from the top and bottom section of 6x 12-in. cylinders in which the entire 
concrete was vibrated for either 5 or 20 sec. A comparison of companion top 
and bottom slabs shows that vibration tends to produce a higher air content 
and lower value of @ in the upper portion of the concrete than in the lower. 


The characteristic increase in a indicates that the proportion of small 
voids increases with increase in compactive effort. This is demonstrated 
quantitatively by void section frequency distributions in concrete specimens 
from the same mix vibrated 5 sec and 30 sec (Fig. 6). By the additional vibra- 
tion, the air content is reduced from approximately 8 percent to about 3 per- 
cent, and @ is increased from 1000 in.-' to 1500 in.-'. Void sections larger 
than 90 microns are reduced from 19.5 to 11.0 percent of the total number of 
voids, and void sections smaller than 50 microns are increased from 55.0 to 
72.0 percent of the total number. 


The effect of vibration upon the distribution of void sizes can be determined 
more quantitatively by the modified linear traverse method. This type of 
analysis was made on two concrete cylinders originally containing about 7 
percent of air before being internally vibrated for 2 and 50 sec, respectively. 
Each analysis involved measurement of 1500 void sections. Increase in time 
of vibration from 2 to 50 sec decreased the air content from 6.70 to 1.20 per- 
cent and increased a from 870 to 1540 in.-' (Table 4). In spite of the great 
increase in a, the spacing factor, L increased only from 0.0046 to 0.0058 in. 
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The total number of voids per cu cm of concrete is indicated to decrease from 
about 303,000 to about 120,000, and the number of voids smaller than 40 
microns decreases from about 250,000 to about 100,000. However, the pro- 
portion of voids smaller than 40 microns decreased only from 83 to 82 percent 
of the total number of voids in the concrete in each condition (Table 5). Voids 
larger than 60 microns, which constitute the greater proportion of the air 
content of the concrete vibrated only 2 sec, are greatly reduced in frequency 
by the additional vibration, probably as the result of movement to and escape 
from the upper surface of the specimen. However, voids in all size ranges are 
decreased in frequency. 

The large voids are in part lost by escape at exposed surfaces and in part 
are disrupted by the process of compaction. The disruption occurs because 
distortion of a bubble, as by agitation, leads to such an increase in area of the 
air-water interface per unit volume of air that a net reduction in that area 
can be accomplished by splitting of the large bubble into two smaller spheres, 
For example, if a bubble is elongated by the shearing action incidental to 
vibration into a more or less cylindrical shape whose length exceeds about 
three times the diameter, surface tension will tend to pinch the bubble into 
two spherical bubbles with total surface area less than that of the distorted 
larger bubble. However, the film containing adsorbed air-entraining agent 
at the air-water interface will resist the distortion and consequent enlargement 
of the air-water interface because the momentary increase in area instantane- 
ously increases surface tension in the film. This effect tends to resist rapid 
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AIR VOID SYSTEM 


TABLE 6—EFFECT OF VIBRATION TIME ON THE 
VOID SYSTEM OF CONCRETE 


Void parameters determined microscopically Number of 
Time of freeze-thaw 
ecimen vibration, Air Chord Specific Voids Spacing cycles to 
No. sec content, intercept, surface, intercepted factor, _ apse 7 
percent in. in.-! per in. L, in. oss In weight 


3.0 percent air series* 


0.0066 0: f 2 0101 
0.0054 74: * 0090 
0.0056 72 ‘ 2 0108 
0.0052 j 3.2 0104 
0.0342 0079 
0.0397 ) 3.27 0092 


}.5 percent air series* 


0.0054 737 12.; 0056 1360 
0.0048 840 9.6 0060 1630 
0.0383 1043 7 0061 1330 
0.0399 1001 0067 1380 
0.0353 1133 §.3 0066 1340 
0.0290 1380 ¢ 0065 1010 


8.8 percent air series* 


2 0.0360 


lil: y 0033 1540 

6 0.0355 11 ; 
15 
l 


i 0033 1780 
12 F 0.0260 41 2 0030 1910 
20 0.0298 340 5 0035 1690 
30 : 0.0270 1479 g 0037 1440 
50 2.4 0.0244 1639 0037 1830 


2 
4 
4 


Nore 1%-in. maximum size natural aggregate, water-cement ratio equals 0.50, 6 x 12-in. cylinders placed in two 
lifts, each lift vibrated for the time indicated. Tests conducted on 3 x 3 x 6-in. bars sawed from 6 x 12-in 
cylinders. 

*Air content determined from pressure method. 


fluctuation of interface area. Also, the reduction of surface tension by the 
air-entraining agent will reduce the force tending to split the distorted larger 
bubbles. Hence, the process of disintegration of large bubbles into bubbles 
approximately half their size will be less in air-entrained mixes than in non- 
air-entrained mixes. 

On the other hand, few very small voids are produced by disintegration of 
large voids during vibration. The distortion of bubbles during compaction 
will decrease with size of the bubbles, because difference in buoyancy and 
shearing stress at opposite sides of the bubbles will decrease progressively 
with size. Consequently, the process of splitting of distorted bubbles will 
be of little significance in small sizes (say below d = 1 mm). Of more signifi- 
cance in reducing comminution of large voids to very small ones is the great 
amount of work necessary to produce the enormous increase in surface area. 
For example, without an air-entraining agent approximately 400,000 ergs or 
0.01 g-cal of work are required to reduce one bubble containing 1 cu cm of 
air to bubbles whose diameter is 8 microns, there being 2.74 X 10° of these. 
The work required is reduced proportionately as the surface tension of the 
water phase is reduced, and so use of an air-entraining agent increases the 
possibility that some small voids will be produced by this process in zones of 
maximum agitation in the plastic concrete. 
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Fig. 7 was prepared from data in Table 6 to demonstrate the influence of 
compaction on the air void parameters of three concretes and their inter- 
relationship with resistance to freezing and thawing. The concretes repre- 
sented contained 1!4-in. maximum-size aggregate and were similar except for 
cement and air content. Specimens were vibrated for various periods ranging 
from 2 to 50 sec. 


As shown previously, increasing periods of vibration resulted in decreased 
air content and increased a, but relatively unchanged spacing factor. Freez- 
ing and thawing resistance (Fig. 7), which in this instance is evaluated on the 
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sis of weight loss due to scaling and crumbling, did not follow the consistent 
tterns developed by the air void parameters of the three concretes, but 
reased in the high air, remained practically unchanged in the medium air, 
id decreased in the low air concretes with increased periods of vibration. 
Veight loss was used as the evaluation criterion because test specimens, 
3x 6-in. bars, were cut from the top and bottom halves of 6x 12-in. 
vlinders and contained no inserts for length change measurements. Table 6 
ecords average figures obtained from top and bottom specimens cut from the 
same 6 x 12-in. cylinder. On the average, top specimens were found to be 
78, 74, and 78 percent as resistant to freezing and thawing as were companion 
bottom specimens from the low, medium, and high air concretes, respectively, 
although the spacing factor was affected but little. Compressive strength 
followed the same trend, top specimens from the three concretes developing 
91, 82, and 84 percent of the strength of the bottom companions. 


These data further strengthen the conclusion that at the time of discharge 
of the concrete from the mixer the air void parameters (including L) of the 
concrete have been, to a great extent, determined. In Table 7 are recorded 
various air void parameters of specimens representing two or more of the 
three concretes shown in Table 6 which, according to microscopical analysis, 
contained, because of varying periods of vibration, approximately the same 
amount of air. In addition, the average L and freezing and thawing resistance 
of all specimens from each concrete are recorded for comparison with the 
same parameters of the individual specimens selected above. A study of 
this table indicates that a definite freezing and thawing resistance has also 
been established by the concrete, which remains relatively constant, despite 
variations in handling and vibration procedures, when the amount of air 
initially entrained equals or exceeds the so-called optimum for the particular 
water-cement ratio and maximum size of aggregate used. Note the close 


TABLE 7—SELECTED AIR VOID DATA AND FREEZING AND THAWING 
RESISTANCE COMPARED 


Final air : —— Freezing and 

content, | Specific surface, | “pacing factor, \thawing cycles to 

percent in.-! L, in. 25 percent weight 
loss 


Specimen eg Initial air 
No. content, percent 


2 ) 3.0 2.6 743 0090 1100 
Average 1-6 0096 900 
1043 .0061 1350 
Average 7-1: .0062 1340 
18 2. 1639 0037 1950 
Average 0034 1700 


1 : é 3.4 603 0101 1050 

Average 1-6 0096 900 
17 K 1479 0037 1600 

Average 1: 0034 1700 
3 : ‘ 720 0108 1150 

Average 1-6 0096 900 
1133 0066 1350 

.0062 1340 
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agreement between values of L and cycles to 25 percent weight loss of in- 
dividual mixes and average values of all mixes in a group. 

When less than optimum air is entrained, freezing and thawing resistance is 
unaffected by a normal amount of vibration and handling but is detrimentally 
affected by overvibration. This apparent regression occurred even though 
values of L for these specimens were comparatively low, and indicates that 
total air content has in itself some influence apart from that of L. 

This confirms, in a single concrete, the trends developed in the series of 
three concretes under discussion in which the resistance to freezing and 
thawing of concretes having equal air contents (Table 7) was found to vary 
directly with the amount of air initially entrained. 


EFFECTS OF MISCELLANEOUS FACTORS 
Parts 2 and 3 of this series of papers deal primarily with the relationships 
which have been found to exist between the freezing and thawing resistance 
of 28-day moist cured air-entrained concrete and the void spacing factor, 


and between the void spacing factor and some of the most elementary prop- 


erties of the fresh concrete and its placement. These properties, namely 
the type and proportion of air-entraining agent, the water-cement ratio, and 
compaction, have been developed from data adequately supporting the con- 
clusions derived. Other factors, for which the data were not nearly so ex- 
tensive, also appear to have a significant influence on the spacing factor and 
freezing-thawing resistance. These will be but briefly developed and no con- 
clusions made. 


Aggregate surface texture 

The data plotted in Fig. 8 show the effect of surface roughness of sand 
particles on the bubble size and spacing as well as the effect on durability of 
concrete. Eleven aggregates, selected at random, were examined micro- 
scopically and divided into two groups, one representing sand particles with 
smooth surfaces, and the other representing rough surfaces. Each sand was 
processed to the same grading and incorporated into concrete at the same 
net water-cement ratio and about the same concentration of air-entraining 
agent. The effect of surface roughness of the sand particles on the bubble 
size and spacing is rather striking; the average value of a is 742 in.~' for the 
smooth sands and 1037 in.-' for the rough sands and the average values of 
the spacing factor are 0.0065 and 0.0045 in., respectively. The effect of the 
angularity of the sand particles could not be determined since all the sands 
were more or less angular in shape. None was well rounded. 

A fairly good correlation of spacing factor and freezing and thawing resis- 
tance was shown with 7 of the 11 aggregates tested (Fig. 8). Four concretes 
expanded more than would be expected from the size of the spacing factor. A 
tenable explanation is that these four aggregates (No. 1, 2, and 3 from Trinity 
River, Calif., and No. 4 from Crescent Lake, Ore.), which had previously 
been rated inferior by petrographic examinations, contained appreciable 
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r+ SMOOTH AGGREGATES 
‘ {| (TRINITY RIVER AND 
CRESCENT LAKE). 


ROUGH AGGREGATES-F- 


EXPANSION PER CYCLE, MILLIONTHS 


SUPERIOR AGGREGATE 
(GRAND COULEE) 


N o wo 0 v 
603888 & 8 
VOID SPACING FACTOR, IN. 
Fig. 8—With concretes containing different aggregates, the freezing and thawing 
expansion was influenced by the void spacing factor and by the quality of the aggre- 


gates. The void spacing factor was influenced by the surface texture of the sand 
particles 


amounts of weathered and physically unsound materials. To round out the 
picture, a comparable concrete containing an exceptionally good aggregate 
(Grand Coulee) has been included in Fig. 8 in order to emphasize that even 
though a correlation was evident between the void spacing factor and the 
freezing and thawing resistance, there was still considerable spread at the 
same spacing factor, probably because of the effects of the thermal, bonding, 
porosity, and soundness characteristics of the aggregates. 


Sand grading 

A series of 12 mortar mixtures plus reruns of selected mixtures in which 
the fineness modulus of the sand was varied in small increments from 2.00 to 
3.26 provided data for this section. The air-entraining agent requirement, 
bubble size, and spacing factor of those mixes for which air-void determina- 
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tions were made did not vary appreciably. Also, in the main series, neither 
the amount of air-entraining agent required for constant air content nor the 
freezing and thawing resistance of the moist cured concrete was significantly 
affected by changes in the fineness modulus of the sand. Investigations per- 
formed by H. L. Kennedy*® on sand-water mixtures (no cement) indicated 
that the amount of air entrained was markedly affected by size grading of 
sand, the size No. 48-100 being most effective in entraining air. However, 
later work by Scripture, Hornibrook, and Bryant?*® revealed that in cement 
mortar and concrete mixtures the influence of sand grading on air entrain- 
ment was suppressed in proportion to the amount of cement added to the mix. 
Consequently, it appears that the influence of the sand grading on the air 
void system, although generally apparent, may be appreciable only in very 
lean mixes and, from a practical point of view, may be ignored in the richer 
mixes since a relatively large amount of cement fines, with adequate air, 
seems to insure a good void system. The influence of material finer than the 
No. 200 sieve on air content and size of air voids in concrete is discussed by 


Mather.?? 


Temperature, slump, and calcium chloride additions 

From various unrelated series of tests investigating the simultaneous 
effects of slump and temperature, it has been found that a rise in tempera- 
ture of concrete will reduce the total air content and also the size of air voids. 
The net result from these compensating effects was a spacing factor which 
was but little affected. Thus, it appears that with air content maintained 
constant, a better void system would be obtained during hot weather than in 
cold. 


A decrease in slump, with water-cement ratio and amount of entrained air 


held constant, decreased the size of voids and spacing factor. Freezing and 
thawing data are not available from this series of mixtures; however, results 
from another series conducted at 70 F indicate reduced resistance with in- 
creased slump. 


The addition of 1 percent calcium chloride to air-entrained concrete re- 
sulted in larger bubbles and a higher spacing factor. Since CaCl, is generally 
used in cold weather, the cumulative adverse effects on bubble size and spacing 
factor may be increased appreciably with possible serious effect on freezing 
and thawing resistance. Additional tests are planned on this phase. 


CONCLUSIONS 


1. The size distribution and frequency of air voids and concomitantly 
the spacing factor and freezing and thawing resistance are influenced by many 
factors, among the most important of which are water-cement ratio and the 
intensity of compaction. In general, but not always, an increase in freezing 
and thawing resistance accompanies any change which reduces the magnitude 
of the spacing factor. 
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>», Other factors remaining constant, the average size of voids and the 

uputed spacing factor decrease with decreasing water-cement ratio. 

;. Decrease of the rate of hardening of concrete will tend to increase the 

icing factor. 

|. Air content is progressively decreased and specific surface a of air voids 

progressively increased by increasing periods of vibration, but little effect 

noted on spacing factor of air-entrained concrete. 

5. In concrete initially containing as much as or more air than recommended 
by the ACI Committee 613, the spacing factor is good to excellent and its 
magnitude is influenced little by vibration. For concrete containing less 
than the recommended amount of air, the spacing factor is relatively poor and 
more variable, and in general, freezing and thawing resistance is lower. 

6. In a single concrete, variously vibrated, an optimum freezing and thaw- 
ing resistance obtains at certain values of air content and spacing factor. The 
optimum spacing factor may or may not be the smallest in magnitude. 

7. Specimens cut from the top half of 6x 12-in. cylinders®® consistently 
developed less resistance (approximately 77 percent) to freezing and thawing 
than did companion specimens cut from the bottom half of the same cylinders. 
Compressive strength followed the same trend, top specimens developing 86 
percent of that developed by bottom specimens. 
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Title No. 55-23 


Stresses in Reinforced Concrete Sections Subject to 
Transient Temperature Gradients* 


By HAROLD SAMELSONT and ABBA TORT 
SYNOPSIS 


Authors investigated stresses in walls of underground reinforced concrete 
cylindrical tanks containing liquids whose temperature varied from 50 to 500 F 
as a function of time. Stresses were checked for both the straight line tempera- 
ture gradient, which represents a steady state of heat flow through the tank 
wall, and for the transient gradient. The transient gradient may be defined by 
a family of curves, each of which represents the temperature gradient at a 
given time station. Only the results for sections sufficiently removed from the 
ends where perturbational effects can be ignored are treated here. 

Generally temperature stresses in structures are evaluated on the basis of a 
straight line temperature gradient only. This assumption may be justified in 
problems dealing with one dimensional heat transfer through thin structural 
material of relatively high conductivity. However, for relatively thick sec- 
tions of low conductivity the transient gradient will produce a more severe 
stress condition. This stress condition which involves the entire section in a 
smooth variation may last for a considerable period and is not to be neglected 
under the assumption of a high localized state of stress which is relieved 
as plastic yield occurs. 

The outlined solution is limited to problems of one dimensional heat flow. 


INTRODUCTION 
Notation 


thermal conductivity of solid, Btu per t original base temperature of solid, 


hr per sq ft per deg F per ft 

coefficient of heat transfer between sur- 

rounding medium at ¢, and surface at 
, Btu per hr per sq ft per deg F (equiv- 


k 
alent to — for boundary layer) 
Ar 


density of solid, lb per cu ft 

= specific heat of solid, Btu per lb per 
deg F 

temperature, deg F, at position n, at 
time i¢ 

= ambient temperature, deg F 
temperature at surface, deg F (= ¢, 
when n = 0) 


Az 


deg F 


= area, sq ft 


quantity of heat flowing through a 
layer, Btu 

time interval, hr 

k “a a Sr 
— coefficient of thermal diffusivity, 
pP Cp 
sq ft per hr 


dimensionless constant = A x?/aA@d 


: r haz 
dimensionless constant = 7 - 


thickness of slice, ft 


*Re eaived by the Institute apes. 20, 1957. Title No. 55-23 is a part of copyrighted JourNAL or THE AMERICAN 
Concrete [netirute, V. 30, } 3, Sept. 1958, Proceedings V. 55. Separate — are available at 50 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Dec. 1, 1958. Address P. O. Box 4754, 
Redford Station, Detroit 19, Mich. 

tAssistant Structural Engineer, Ammann and Whitney, New York, N. Y. 

tMember American Concrete Institute, Engineer, Special Structures Department, 

tk, N.Y. 
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Linear heat conduction 


The general expression for linear heat conduction through a layer of materia] 


of thickness Az is 
—AG —Al 
q = ? = k A ( ) 
Ad Az 


For the steady state condition the amount of heat entering and leaving the 
layer Ax in a given time interval does not change (i.e. gis constant). For thick 
| RR sections of low conductivity the 
steady state condition does not de- 
velop rapidly. The amount of heat 





= entering any given layer during the 
time interval A¢ is not equal to the 
amount leaving and the difference of 
heat will cause a change of tempera- 
ture in the layer with time. 

After sufficient time has elapsed, 
and provided that during the said 
period the heat conditions on the 
boundary remain constant, a steady 
state (straight line) gradient will be 
established. In general the time re- 
quired for a steady state gradient to 
develop through a concrete wall is 
relatively long, and in many cases the 
actual temperature differential be- 
tween the boundaries may not be 

: reached in the concrete if the external 

{ & STEEL PLATE heat conditions do not remain con- 

1" INSULATION stant for a sufficient length of time. 

25° CONCRETE Where the source of external heat has 

Fig. 1—Vertical cross section through tank been removed before the steady state 

gradient has been developed, the 

stresses caused by the transient gradients may be several times higher than 
those evaluated on the basis of the hypothetical steady state condition. 


EVALUATION OF STRESSES IN TANK WALLS 


A reinforced concrete cylindrical tank (Fig. 1) is subject to an internal 
temperature build-up from 50 to 220 F in a period of 30 days. The internal 
temperature remains constant (at 220 F) thereafter. The tank is covered 
by a layer of soil 7 ft deep. The temperature at the surface of this layer was 
assumed to be constant at 50 F. For the sake of simplicity it was assumed 
that the temperature of the soil at a radial distance of 7 ft from the tank wall 





TRANSIENT TEMPERATURE GRADIENTS 





s also 50 F. The liquid is separated 
n the concrete wall by a 34-in. 

el liner and a 1-in. layer of glass 
r type of insulation. 


Steady state gradient 

The steady state gradient through 
the concrete wall is obtained by pro- 
rating the total temperature drop 
through the layers of insulation, con- 


crete, and soil by the ratios of the Ri-0.27 


thermal resistances R of the layers. Fig. 2—Thermal resistances through con- 
crete, insulation, and soil 


At, _ 2 At 
7 ae R 


q = constant 


The values of R were obtained from Eq. (3) (Fig. 2) 


insulation concrete 
A x (thickness, ft) 0.083 2.08 
k (conductivity in Btu per hr per sq ft per 
deg F per ft) 0.035 0.44 0.083 
A (area, sq ft) 1.0 1.0 1.0* 
R (thermal resistance ) 2.36 4.71 84.0(2R = 91.1) 


From Eq. (2), 2 At/2R = (220 — 50)/91.1 = 1.87 Btu per hr, and A¢ for 
concrete = 1.87 X 4.71 = 8.8 F. This is the steady state gradient through 
the concrete wall. 


Transient gradient 


The transient state gradients were obtainedt for increments of 5 days (Fig. 
3) by evaluating the temperatures of concentric slices of the concrete wall at 
the end of time intervals Ag = 5days. The successive 5-day transient gradient 
curves approach the steady state (straight line) gradient as shown in the 
figure. 


In the problem under investigation the critical transient gradient G,, 
occurs approximately 30 days after the beginning of the temperature build-up. 


*The variation of A due to the curvature of the wall was neglected. In the example above its extreme value 
etween the wall surface and the midthickness) does not exceed 8 percent. 
rhe numerical method used to establish these gradients can be found in Heat Transmission by William H. Me- 
ums, published by McGraw-Hill Book Co., New York, 1933: Chapter 3, Article II, and C hapter 7, Articles I 
11V. The computations and the outline of the method are given in the appendix to this paper, p. 383 
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25" CONCRETE Fig. 3—Transient tempera- 
ture gradients through con- 
-STEABY STATE GRADIENT crete walls 


TRAN SIENT ——- 
|| AT Five DAY INTERVALS 
(FIRST APPROXIMATION) 

| 


GRADIENT AT|/ 35 DAYS 
, < (SECOND APAROXKIMATION ) 


Interior face of concrete, deg F. 





‘GRADIENT AT TIME ZERO 


It is represented by a curve approximated by means of two straight lines repre- 
senting partial gradients between the inner surface of the wall and its middle 
surface, and between the middle and the outer surfaces. The partial gradients 
consist of a gradient of 46.3 F through the interior 12.5 in. of the wall and a 
gradient of 38 F through the exterior 12.5 in. 

Note that in spite of the fact that the interior temperature of the tank 
has reached the final value of 220 F, the face of concrete close to the source 
of heat at the same time has reached a temperature of only 168 F. The total 
critical gradient G,. = 46.3 + 38.0 = 84.3 F as against 8.8 F for the steady 
state gradient which occurs after the interior face of the concrete has reached 
the maximum temperature of 220 F. 


Calculating the stresses 
Stresses were determined by the use of the following conditions: 


1. Temperature gradient is symmetrical and constant for all sections at a given time 
station. 
2. External load is zero. 


These conditions require that the load acting on any section be constant. 
The shear at any section must be zero to satisfy symmetry. The thrust at 
any section must be zero in order to satisfy the conditions of equilibrium, 
namely that the radial components of the thrust acting on any circumferential 
element must equal the resultant of external loads on the element in the 
radial direction. Since the latter is zero from Condition 2 above, the thrust 
must also be zero. 
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Therefore the constant load acting 
GRADIENT BY NUMERICAL METHOD— 


THEORETICAL GRADIENT —~ 


every point must be a couple Ca = 
la, when C is the total compression 
id T the total tension acting on the 
ection and preventing the develop- 
ent of tangential strains. Thus the 
temperature gradient will cause com- 


At (TOTAL) 


pressive stresses in the inner portion of 
the wall (close to the source of heat) 
and tensile stresses in the outer por- 
tion. 
In order to obtain the values of C 
T, a line perpendicular to the wall 
surfaces has to be found such that the |. CONCRETE SECTION = 
areas contained between it and the 
Fig. 4—Total compression and tension 


temperature gradient curve be equal; forces acting on the section 


A, = A» (Fig. 4). The areas thus ob- 
tained represent the couple C = 7 multiplied by a coefficient of propor- 
tionality. 

The balanced stress of the extreme fiber in tension or compression is pro- 
portional to the prevented free-body deformation of the section (Eq. 4): 


f=EcAt (4) 


where E = modulus of elasticity of concrete (assumed to be 3 X 10° psi), and 


« = coefficient of linear expansion of concrete (assumed as 5.5 & 10°). 
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Fig. 5—Stress distribution through section 
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The moment acting on the section is 
M,=AE«a (6) 


This moment has to be superposed on any other moments acting on the 
section due to liquid pressures, soil pressures, and other loads. The approxi- 
mate distributions of stresses in the tank wall under the steady state and 
transient gradients are shown in Fig. 5. The values for the transient gradient 
could have been obtained more accurately if the number of slices Ax through 
the concrete were larger. The moments across the section due to these gradi- 
ients are by Eq. (6): 


for the steady state gradient 


(4.4 K 12.5 K %) (5.5 X 10°*) (3 K 10%) (2/3 K 25) at : 
M,, = 103 = 7.56 {t-kips per ft 


for the critical transient temperature gradient 


(45 X 12.5 KX %) (5.5 K 10-*) (3 & 10%) (2/3 & 25) F 
Ma, = ; ? . 10° ~! m= 75.24 ft-kips per ft 


The moment across the wall section due to the transient gradient is almost 
ten times as large as the one caused by the steady state gradient, and thus the 
induced stresses will be considerably higher for the transient condition. 

As the transient gradient curves in the vicinity of the critical gradient do 
not change shape or direction abruptly (Fig. 3), it is safe to assume that the 
high stress condition will exist for a period measured in days or weeks. 

The relation between the internal moments (or extreme fiber stresses) 
and time elapsed since beginning of temperature build-up is shown in Fig. 6. 
It is readily seen that the moments produced in the section by the transient 


temperature gradients will be considerably higher than those evaluated on 
the basis of the final steady state temperature differential. 


M! 


TRANSIENT GRADIENT 


STEADY STATE GRADIENT 
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y Fig. 6—Curve of moment 
prime versus time 
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Rapid rise of internal temperature iL. 
Consider the tank of Fig. 1 subject i 
a rapid rise of internal temperature, \~* 
»20 to 500 F in a period of 8 hr, follow- 
g which it drops instantaneously 
ick to its initial value of 220 F. 


le waite et te wy GRADIENT AT END 
The concrete wall has been sub | - OF EIGHT Hours 


CONCRETE - SIX EQUAL SLICES 





73° 





divided into six equal concentric 

ices and the transient gradient at 
the end of 8 hr has been evaluated | 219 AVERAGE 
according to McAdams (Fig. 7). The OF 8-HR GRADIENT 
interior face of the concrete wall will . 
reach 273 F only after 8 hr, following } 
which it will begin to cool off. The | 
total maximum temperature gradient 
will be G,. = 273 — 211 = 62 F. If 
the steady state condition were as- INITIAL TEMPERATURE OF CONCRETE 
sumed between 500 and 220 F, (dis- 
regarding the fact that this gradient 
would not have sufficient time to develop under the conditions of the 
problem) the gradient through the concrete would be (500 F — 220 F) 0.38 
0.58 = 183 F. In this case the comparison of moments caused by the steady 
and transient gradients would be: M,, = 157 ft-kips per ft for the steady 
state, and Mg. = 33 ft-kips per ft for the transient gradient after 8 hr. 





- 2° 
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Fig. 7—Transient gradient at ¢ = 8 hr 


CONCLUSION 


By neglecting the effect of time on the magnitude of temperature gradients 
for different heat boundary conditions, and assuming steady state gradients 
only, the moments produced in reinforced concrete structures by temperature 
changes of relatively long duration are consistently underestimated. On the 
other hand, in the case of abrupt temperature changes, the use of the steady 
state gradient will yield higher values of moments. To get a closer approxi- 
mation of moments and stresses due to temperature changes in relatively 
thick sections of low conductivity material the transient gradients should be 
used whenever temperature loads are a substantial part of the total load. 
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APPENDIX 


Determination of transient gradients through the wall section 


The section under investigation is divided into equal slices (Fig. 8a). At any time a heat 
balanee equation for any interior slice may be written, which states that the difference be- 
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tween heat entering the slice and that leaving the slice during a time interval changes th 
temperature of the layer during that interval. This is expressed according to McAdams a 


follows: 


k A(t.®* — tati**) AATEC, p(t, FTO — t,5¢) 


Az rr) 


(heat entering layer) — (heat leaving layer) = residual heat 


Substituting k/p cp = a and A z?/a ¢@ = M, and solving for t," + yields 


+ (M — 2)t,'? + titi 
M 


For the values n 5 , and ¢; = ¢,'®, Eq. (8) becomes 


+ (M —2)t,4+ bt 
M 


(9) 


t,’ is the temperature at Station | after the first time interval. The heat balance for a concret 
layer at the surface is as follows (see Fig. 8b): 


id io 
hA fas ae kA (t — ft; ) 25 Ds 
LA (la — ft ) .. .(10) 
2 


assuming that ¢,“' * */? - = too, 7? — o'®. Substituting (h A x)/k = N, and 
(A 2?)/a¢ = M, 


N t.*? +(M —2N — 2)t,'? + 24,59 
N a 


For the values i¢ = 0 and ¢,’ = t,!* the equation becomes 


2Nta + (M — 2N — 2)t, + 2¢; 
Of _ 
M 
t,’ is the temperature at the surface after the first time interval. 
The above equations may be used to determine the temperature gradients at any time interval 
by using the following numerical procedure. The number of slices is selected, which fixes Az 


n-| n+ oO 025 O86 
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Fig. 8a—tInterior slice Fig. 8b—Surface slice 
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TABLE 1—SOLUTION OF EQ. (9) AND (12) 


to®+! = 0.4 (te*® + 0.5 to® + th") e+! = 0.2 (to® + 3ti" + te") te"+! 0.2 (ti" + 3te™ + ts”) 
time 


tions Surface temperature at time Section 1 temperature at time Section 2 temperature at time 
nter- station station 


station 
s Ad) 
ta" (avg)| O.5t.” a" " , 3ti" to” ti"+! ti" 


1) 
51.69 2 5 f 5 150 50 50 150 
55.07 5 3k é 5 é 150 50 50 150 
58.45 j i 53 .{ §2.% 50.4 50 50.5 50.14 (150 


(corresponds to 5 days) 
78.73 | 

(corresponds to 30 days) 

220.0 | 168.0 


and therefore N. M is selected, preferably as an integer. A@ is fixed by a selection of M. 
(Nonintegral values of M may be required where it is desired to specify Ad, Az, and a, or for a 
heterogeneous section where a and Ar do not permit the use of .a single value of M.) 

Having selected M and N, and knowing the thermal boundary conditions, Eq. (12) can be 
used to determine the temperature of the ‘“‘zero station’’ at the end of the first time interval 

The temperature of any interior slice at the end of the first time interval t,,’ may be obtained 
from Eq. (9). These values of #,’ can be inserted in turn into Eq. (9) and (12) and values of 
t,’’ (at the end of the second time interval) obtained. This procedure may be repeated for as 
many time intervals as required, depending on the total duration of the ‘‘thermal loading.’’ 

The above solution yields a family of curves defining the gradients through the section at 
different time intervals (Fig. 3). 

The limiting value of the temperature gradient is a steady state condition for which each 
face of the section is at the temperature of the surrounding medium. This gradient is a straight 
line for a homogeneous material. 


Evaluation of transient gradients for gradual build-up of temperature 
Physical constants: 
Concrete: p = 150 lb per cu ft 

cp = 0.20 Btu per lb per deg F 

k 0.50 Btu per hr per sq ft per deg F per ft 


Insulation: h —— = ().42 (equivalent to 1 in. of insulation). 
Az 


Let N = land M — 2N —2 = 1 (or M = 5); hence A@ = 14.3 hr. One 5-day interval 
(for which gradients were found) includes (24 X 5)/14.3 = 8.4 time intervals. 

Assuming a straight line build-up in the fluid (from 50 F to 220 F) ¢, (average) was taken as 
average temperature of fluid between time stations n and n + 1. Using the chosen values of 
V and N, Eq. (9) becomes for ¢;’ at any interior slice: 


to + 3tr + te 
i? es = 0.2 (t, + 3t, + tr) 


5 
and Eq. (12) becomes for the surface 


t.’ = 0.4 (t, + 0.5t, + th) 


Using Eq. (9) and (12) in this simplified form and the average temperature of the fluid for a 
given time interval as the temperature of surroundings, the values of ¢,, ¢;, and t. have been 
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evaluated and tabulated (Table 1). These results have been plotted (Fig. 3) and used as a 
basis for the evaluation of moments (Fig. 5b). 

It should be noted that for the purpose of this evaluation the temperature at Station 3 
(Ar = 12.5 in. away from the exterior face of the concrete) was kept constant. Thus the value 
of t;" in Table 1 was taken as 50 F for all values of n. The error due to this assumption is 
small for a period of 30 days, as can be seen by comparing the original and corrected lines in 
Fig. 3 (second approximation ). 

This error can be reduced by allowing the temperature at Station 3 to vary and assuming it 
to be constant at Station 4, farther away from the outer face of the concrete section. A similar 
analysis has been run between Stations 2, 3, and 4, using the values ¢,." obtained from the table. 
This yields new values for ¢;"+!, greater than 50 F, which in turn would be introduced to 
correct values of tz. The same procedure could be repeated to obtain corrected values of {;. 
This correction was evaluated for ¢ = 35 days and was found to be negligible. The corrected 
gradient at time station ¢ = 35 days is shown (in dotted line) on Fig. 3. 


Discussion of this paper should reach ACI headquarters in tripli- 
cate by Dec. 1, 1958, for publication in the March 1959 JourNAL. 
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Title No. 55-24 


Shear Strength of Lightweight Reinforced 
Concrete Beams* 


By J. A. HANSONT 


SYNOPSIS 


This report describes tests employed and the results obtained in a study of 
the resistance of lightweight structural quality concrete in diagonal tension. 
A comparison of the shear strengths of the various beams, studied on an equal 
compressive strength basis, showed somewhat better performance of the sand- 
and-gravel concrete. However, when the comparison was extended to include 
a range of shear strength data reported in the literature by other investigators, 
the particular lightweight aggregate concretes considered here were as strong 
in shear, on an average basis, as the normal weight concretes. 

Most of the beams sustained an ultimate load higher than that which caused 
diagonal cracking, but analysis of test data showed that such excess strength 
was related to location of the diagonal tension crack., This location was, with- 
in limits, a matter of chance, and load capacity above diagonal cracking load 
was therefore not a dependable quantity. This conclusion is believed generally 
applicable to beams without web reinforcement in which true diagonal tension 
may cause or initiate failure. 

Deflections of the lightweight concrete beams were 15 to 35 percent greater 
than those of normal weight beams of equal strength. 


INTRODUCTION 


Experimental and analytical investigations of reinforced concrete over the 
past 60 years have been directed principally to studies of the flexural per- 
formance of concrete structural members. Only a few investigations have 
been concerned with diagonal tensile strength. Laupa, Siess, and Newmark! 
have given a summary and bibliography of the results of shear investigations 
of sand-and-gravel concretes. Richart and Jensen? studied the shear strength 
of beams cast from Haydite (an expanded shale) aggregate concrete. Re- 
ported results of the several investigations of shear and diagonal tension in- 
clude a wide range of testing procedures, concrete quality, and test specimen 
design. 

The introduction of many new lightweight aggregates and the growing 
scope of structural applications of lightweight aggregate concrete have in- 
creased the need for more information on the shear properties of these con- 
cretes. This report deals with seven of the considerable number of com- 


*Received by the Institute Dec. 30, 1957. Title No. 55-24 is a part of copyrighted JouRNAL or THE AMERICAN 
Concrete Institute, V. 30, No. 3, Sept. 1958, Proceedings V. 55. Separate prints are available at 60 cents each. 
Discussion (copies in triplicate) should reach the Institute not later than Dec. 1, 1958. Address P.O. Box 4754, Red- 
ford Station, Detroit 19, Mich. 

tMember American Concrete Institute, Development Engineer, Products and Applications Development 
Section, Portland Cement Association, Chicago, I 
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rcially available lightweight aggregates. To accommodate this group of 
aggregates within reasonable bounds of laboratory effort it was found nec- 
essary to limit the study to one size of test beam and one loading condition. 


The variation which has been found between lightweight aggregates, even of 
similar types, indicates the need for individual manufacturers of lightweight 
aggregates to develop their own design data through sound investigations of 
their respective products. 

This study is part of an investigation in progress at the Portland Cement 
Association Laboratories to augment available technical information nec- 
essary for practical and economical design of structural concrete using light- 
weight aggregate. Shideler* has reported data from this program on com- 
pressive and flexural strength, modulus of elasticity, bond, creep, and drying 
shrinkage of eight lightweight aggregates and one normal weight aggregate. 
In the present shear study the same aggregates were used with one exception, 
and also the same concrete strengths, 3000, 4500, 7000, and 9000 psi. Aggre- 
gate 1 of the first report has been replaced by Aggregate 9 which is manufac- 
tured by the same process. Sixteen beams were cast using the 3000 and 4500- 
psi concrete, and five beams were fabricated from 7000 and 9000-psi mixes. 
These high strength concretes are representative of those used in some pre- 
casting or prestressing operations. Comparison of the performance of the 
lightweight beams and of sand-and-gravel concrete beams is made on the 
basis of equal compressive strengths. 


TESTING PROCEDURE 


Moody, Viest, Elstner, and Hognestad‘ have shown that the loads required to produce 
diagonal tension failure in a beam depend on cross section, concrete strength, amount of 
longitudinal steel, amount of web reinforcement, nature of the loading, and span. In addition 
to these six variables, this study of lightweight concrete brings in various aggregates. Since 
only a limited investigation of shear strength could be accomplished, no attempt has been 
made to cover all such factors, but the principal varicbles affecting shear were limited to 
compressive strength and type of aggregate. The performance of lightweight concrete beams 
as compared to normal weight beams in this report is then qualified by the particular dimen- 
sions and loading of the chosen test specimen. The probability of flexural failure occurring 
before or together with shear failure increases with increasing span-depth ratio and also in- 
creases With increasing distribution of the total load. In order that shear, rather than flexure, 
should be a governing factory the test specimen chosen was a 6x 12-in. beam with a 6%-ft 
span loaded at the third points. Although it was desired to eliminate steel percentage as 
a variable, this could not be done completely because of the wide range of concrete strengths 
involved. As a compromise, 2.5 percent steel was selected for the lower strength concretes 
and 5 percent for the higher. No web steel was used. 

Aggregates and concrete mixes 

The aggregate identification numbers used in the shear investigation were the same as those 

employed for the plain concrete tests. Complete descriptions including grading and physical 


properties of the various aggregates are given by Shideler,* and an abbreviated description is 
given below: 


Aggregate 2 is an expanded shale produced in a rotary kiln. Material passing No. 4 
sieve is obtained by crushing. 
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Aggregate 3 is an expanded shale produced in a rotary kiln. All particles are rounded 
and have a smooth shell. 

Aggregate 4 is an expanded clay produced in a rotary kiln. Most of the material is 
crushed but is not harshly angular. 

Aggregate 5 is an expanded slate produced in a rotary kiln. The coarser particles are 
somewhat angular and porous. Material passing No. 4 sieve is obtained by crushing. 

Aggregate 6 is an expanded blast furnace slag produced by spraying a controlled a- 
mount of water on a thin layer of molten slag. All particles are angular and porous and 
most of the finer sizes are obtained by crushing. 

Aggregate 7 is produced by burning on a sintering grate a carbonaceous shale from 
anthracite coal processing. All sizes are obtained by crushing and particles are very 
sharp and porous. 

Aggregate 8 is Elgin sand and gravel. The gravel is well rounded. 

Aggregate 9 is an expanded shale made in a rotary kiln. Particles are rounded and 
have a smooth shell. 


The concrete proportioning and placing procedure for the shear beams were also similar to 
those employed in the plain concrete tests; details may be found in Reference 3. Dry aggre- 
gates were used for all lightweight concretes and for the lower strength sand-and-gravel con- 
cretes. Aggregate for higher strength sand-and-gravel concrete was soaked in water 24 hr 
prior to mixing. For comparison purposes the final mix quantities, unit weights, compressive 
strengths, and static moduli of elasticity of the shear beam concretes are given in Table 1. 


Reinforcing steel 


Two samples of the intermediate grade reinforcing steel used were tested for yield point and 
modulus of elasticity with the following results: 


Yield point, psi Modulus of elasticity, psi 
Sample 1 48,500 27,800,000 
Sample 2 48,100 27,300,000 


Theoretical considerations of beams 


In accordance with the plan followed in the plain concrete tests, shear strength of beams 
was investigated for four nominal concrete compressive strengths: 3000, 4500, 7000, and 9000 
psi. To avoid flexural failures, steel areas were greater than those generally encountered in 
service structures. Preliminary analysis by straight-line theory indicated that a 6 x 12-in. 
normal weight beam without web reinforcement or compression steel, loaded at the third 
points of a 6 ft 6 in. span, would fail by diagonal tension when the maximum concrete com- 
pressive stress approached 0.45 f.’ and steel stress approached 20,000 psi. The indicated 
steel requirements for this condition were 2.1 percent for concrete of 4500-psi compressive 
strength and 4.8 percent for 9000-psi concrete. Accordingly, it was decided to use two #8 
bars (2.5 percent) for beams of lower strength concretes and four #8 bars (5.0 percent) for 
beams of higher strength concretes. All steel was intermediate grade, deformed in accordance 
with ASTM A 305. 

As a final check on the beam cross section and steel percentage, investigations were made 
using concrete properties (Table 2) taken from averages of the results of the plain concrete 
tests and assuming the modulus of elasticity of the reinforcing steel as 29 10° psi. 

The analysis showed that for concrete stresses of 0.45 f.’, the bond and steel stresses in 
beams of both normal weight and lightweight concrete were within the limits of the 1956 
ACI Building Code, except for the lightweight beams in the 4500-psi and 9000-psi concrete 
strength groups. In these exceptions, the steel stresses were computed at 23,200 and 26,300 
psi, respectively. For the same concrete stresses, estimated values of nominal shear were 
40 to 150 percent above the allowable limit for the lower strength concretes and 270 and 500 
percent above the allowable limit for the higher strengths. 
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Foorication and curing of specimens 


| beams were cast in plywood forms. The reinforcing bars were supported from the 
ym form on steel chairs at a height to give an effective depth of 10% in. The four #8 
necessary for the beams of higher strength concretes were bundled® horizontally in pairs 
rovide clearance for the larger size aggregate during concreting. 
\ll batching was by weight. The concrete was mixed in a 134-cu ft pan-type mixer. The 
gregates and about two-thirds of the mixing water and air-entraining agent were mixed 
in; then the cement and remaining water and agent were added and mixing was continued 
an additional 3 min. A blend of equal parts of four commercial Type I cements was used. 
concrete was placed in the beam mold in three 4-in. lifts. The concrete volume of one 

t plus two 6 x 12-in. cylinders constituted one batch. 

ach layer of concrete was vibrated after the full batch was placed. For the 3000 and 4500- 
psi mixes an internal vibrator was used. A table vibrator of special construction was used to 
compact the no-slump higher strength concretes. This table was powered by an electro- 
magnetic unit that transmitted 3600 vibrations per min. The plywood form was clamped 
to the table top and then each of the three lifts was vibrated for several minutes. Segrega- 
tion of aggregate was not found and no lift stratification was noted in the hardened concrete. 
The cylinders were consolidated by vibration in the same manner as the beams. 

All beams and cylinders were covered with wet burlap for the first 24 hr after casting, except 
those of the high strength sand-and-gravel concretes (7000 psi and above) which were “‘ponded’”’ 
for the 24-hr period. Ponding entails covering with water that portion of the concrete ex- 
posed in the form. At the end of 1 day, the forms and molds were stripped and the specimens 
were placed in a moist room until age 7 days. At this time, all beams and half of the 6 x 12-in. 
cylinders were stored in laboratory space at approximately 75 F and 30 percent relative 
humidity until tested. All tests were performed at 28 days. 


Instrumentation 


Fig. 1 shows the loading equipment details and location of SR-4 strain gages used on the 
beams. Steel strains were measured near the probable location of the diagonal tension crack 
and also in the center of the pure flexure section. The gages were A-1 type and required no 
waterproofing since they were cemented to the exposed steel in recesses in the concrete after 
moist curing. The recesses for the gages near the ends of the beam were located on one side 
and for the center on the opposite side. Maximum compressive strains in the concrete were 
measured at the load points and at the center of the span. All gages for measuring concrete 
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Fig. 1—Details, testing arrangement, and instrumentation of beams 
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strain were of the A-9 type. Continuous recording of strains allowed measurements to be 
taken beyond the point of diagonal cracking and to ultimate load. 

Near the end of the program, because of indications from the earlier tests, SR-4 gages were 
placed on the top surface of six beams to study the possible development of tension in the 
“compression”’ zone of the concrete. These gages were located 91% in. outside the load points 


Testing procedure 

The beams were tested in a 1,000,000-lb hydraulic compression machine. Fig. 1 shows the 
details of the testing arrangement. ‘The reaction bearing plates were seated in high strength 
calcined gypsum mortar to assure full bearing, but each load-bearing plate bore on two \ 
in. thick leather pads which were placed astride the SR-4 gages located at the third points 
(see cross-sectional view in Fig. 1). Dial gages at the center and third points indicated beam 
deflections to the nearest 0.001 in. In the 3000 and 4500-psi beam series the loads were applied 
in increments of 2000 lb. The higher strength beams were loaded in increments of 5000 Ib. 
At each increment, the load was maintained for a period sufficient to record deflections and to 
mark the progression of cracks. About 30 min were required for each beam test. 


TEST RESULTS AND DISCUSSION 


The compressive strength and modulus of elasticity of the shear beam con- 
cretes were determined from 6 x 12-in. cylinders cured similarly to the beams; 
one such cylinder was taken from each of the three batches that constituted a 
beam. Table 3 presents these properties along with a tabulation of steel per- 
centage, steel modulus, modular ratio, and the standard k-value for 21 beams 
tested in this program. £, is the secant modulus of elasticity of the concrete 
computed at a strain of 0.001 in. per in. This strain value is the approximate 
compressive strain in the outer fiber of the concrete at initial diagonal tension 
cracking, as indicated by the SR-4 gage measurements. The elastic moduli 
of Table 2 differ slightly from those of Table 1 which are secant moduli at 
0.3 f.’. The last two columns of the table give values of k, computed and 
measured. The computed values were determined from the standard formula: 


k = [2np + (np)*}* — np 


Measured values of k were obtained from strain gage measurements made 
at the center section of the beams and the relationship for linear distribution 
of strain: 

e- 


kw — 
Ce tT Ce 


The computed values of k were used to determine jd, required to establish 
nominal shear strengths. The excellent agreement between values of k com- 
puted by the two equations indicates that jd was determined reliably up to 
the initial diagonal cracking load of these beams. 


Ultimate strength of test beams 

At each increment of load, the development of cracking was carefully 
marked. Under the lighter loads the usual flexural cracking developed with- 
in the middle third of the beam span in the pure moment section. At higher 
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loads, diagonal tension cracks extended from under or just outside one of the 
loud points to the vicinity of the reinforcing steel at a point approximately 
| {t from the reaction. These diagonal cracks formed suddenly in the light- 
weight beams and were accompanied by sharp reduction of testing machine 
load and large increase in deflection. The sand-and-gravel concrete beams, 
particularly those of lower concrete strength, developed diagonal cracking 
more gradually but the behavior pattern of load reduction and increased 
deflection was still evident. The load at first diagonal cracking was also the 
ultimate load for five of the beams tested. The other beams recovered the 
load that was initially lost and were able to absorb additional load to cause 
diagonal cracking at the opposite end. The same pattern of load reduction 
and inereased deflection was repeated. All beams that sustained diagonal 
tension cracks at both ends failed at an ultimate load which was above that 
at first diagonal cracking. This amounted to less than 10 percent increase 
for two of the beams while the 14 remaining beams exhibited 50 to 100 percent 
increase. 


TABLE 2—CONCRETE PROPERTIES USED IN CHECKING BEAM CROSS SECTION 


3000-psi 4500-psi 7000-psi 9000-psi 
concrete concrete concrete concrete 


Aggregate E, E, E, E, 
10* psi 10* psi 10° psi 10° psi 


Sand and gravel 3.4 8.5 4.0 7.2 
Lightweight 2.0 14 2.2 13. 


*n is the ratio of steel elastic modulus to that of concrete. 


TARE SRS OF SEAR TEAS 


28-day Reinforce- 
Aggregate Beam strength ment ratio E., E.,* Computed | Measured 
No. No. Se’, pai 10® psi 10* psi k k 





6910 e 27.5 2 


3680 
5350 


3310 
4090 


2980 
4890 
7000 
8160 


3490 
4790 


3670 
4870 
3210 
4240 
5200 


or or Or or 


aon oo 


oro or 


3700 
4020 
5380 
8410 
10,680 


49 
0.54 
0.53 


DODO nwe 
ooanuc 


E- is secant modulus of elasticity of concrete computed at a strain of 0.001 in. per in. corresponding to beam 
maximum fiber strain at diagonal crack formation. 
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Fig. 3—Cracking of sand-and-gravel concrete beams 


Fig. 2-5 show typical beams after completion of testing. As loading pro- 
gressed above initial cracking load, the diagonal cracks in most cases con- 
tinued to extend horizontally into the region of pure flexure. Other cracks 
formed near the ends, vertically if from the top of the beam and horizontally 
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if from the end. At the ultimate load, rupture occurred near a load point, 
with secondary splitting along the reinforcing steel in most cases. 

‘Thus, at least two distinct types of failure occurred in this test series. One 
type was characterized by complete failure at the diagonal tension cracking 
load. The failures shown in Fig. 4 are typical. In the other type ultimate 
load was reached at levels considerably above diagonal cracking load, typified 
by the beams shown in Fig. 5. Crushing at a load point was generally noted 
in the latter type. In the former type of failure, vertical cracks approximately 
gl, in. outside the load points appeared along with the diagonal crack but 
with no evidence of crushing. Strain gages at the load points indicated only 
800 to 1600 millionths of strain, an amount far less than would normally be 
required for compression failure. 

Moody, Viest, Elstner, and Hognestad‘ have pointed out that a redistribu- 
tion of stresses takes place with the occurrence of diagonal tension cracking. 
This redistribution requires that the steel stress can no longer be distributed 
in accordance with the external moment, but must be such that the shear 
block outside of the diagonal crack is maintained in equilibrium. Fig. 6 
shows forces on the shear block considered as a free body. Since no web 
steel exists, these forces are load, load reaction, steel tension, and the total 
force of concrete compression due to flexural action. In order that equilibrium 
may exist, the resultant of these forces must pass through the intersection of 
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Fig. 5—Typical failures with ultimate above diagonal cracking load 
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Fig. 6—Location of resultant of forces on shear block 


the line of the reaction force with the line of the steel tension force and through 
the intersection of the lines of force due to load and to concrete compression. 
This latter point is somewhat indefinite due to unknown distribution of the 
compression stresses, but since diagonal cracking generally extends nearly 
to the top fiber of the beam, the location of the intersection shown in Fig. 6 
is sufficiently well defined for present purposes. The two dashed lines indicate 
the average locations of diagonal tension cracking in these test beams, the 
line of short dashes for beams with ultimate load occurring at the diagonal 
cracking load and the line of longer dashes for beams with ultimate load 
above diagonal cracking load. Each line is an average of the measured loca- 
tions of five cracks. It will be immediately evident from the relative positions 
of the diagonal cracks and the resultant of forces that in the first case very 
high tension would exist at the outer fibers of some section such as A-A, 
while in the second case, with the resultant force line well within the section, 
only relatively low tensile or even compressive stresses would occur. 


Such a diagram clearly demonstrates that reinforced beams similar to 
those of this investigation can fail in direct tension or by compression at 
higher loads, depending on where the diagonal crack appears with respect 
to the resultant forces. It will be noted from Fig. 6 that the lines representing 
the two average locations for diagonal cracking are only a few inches apart 
Thus, to predict accurately the location and accompanying type of failure 
would be impracticable. Indeed, a demonstration of this uncertainty of the 
mode of failure was provided by the performance of two of the sand-and- 
gravel concrete shear beams, No. 8A and 8A-X. The concretes were of equal 
compressive strength yet one beam failed at the load required to produce the 
first diagonal crack while the companion beam failed at a load appreciably 
above that which produced diagonal tension cracking as shown in Table 3. 
Apparently for these beams the critical location of diagonal cracking relative 
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to the resultant of applied forces on the shear block was a matter of pure 
chance, and as a consequence only the diagonal cracking load is of practical 
use as a Measure of nominal shear strength. 

\s a matter of interest, it might be pointed out that several beams which 
sustained ultimate loads above the diagonal cracking load gave indications 
of final failure by direct tension. For example, Beams 4C and 4D (Fig. 2) 
and Beam 8D (Fig. 3) showed only vertical cracks near the load points with 
no evidence of crushing. This type of failure, of course, is possible only as 
long as the resultant of the forces falls outside the middle third of any section 
of the shear block. 


\ consistent excess of load capacity above that required to cause diagonal 
cracking has been observed primarily in beams having span-depth ratios 
less than that reported here. Cracking of such members may, in effect, con- 
vert the beam into a tied arch, with the resultant of the compressive forces 
falling well within the intact concrete section. Test beams of greater span- 


depth ratio have, in general, shown no excess load capacity after diagonal 
cracking. 


Nominal shear strength 


On the basis of the above conclusion that the ultimate load capacity of 
these shear beams cannot give dependable values of nominal unit shear, only 
the diagonal cracking loads were used in the computation of this factor. 
Table 4 presents the cylinder strength, diagonal cracking load as indicated by 


TABLE 4—RESULTS OF SHEAR BEAM TEST 


Beam Sc’, Psi, Ps, Pu, 81, 82, Us (average) 
psi kips kips kips : f’ 


6910 26 28 é 80 5s 039 


3680 ¢ { 37.00 { 052 
5350 7 2 22 7 036 


3310 ¢ t Q: 058 
4090 ¢ 2: ‘ 9: 048 


2980 4! ; : 065 
4890 21.56 2: 37 . 6s ; 216 044 
7000 : : t 246 28: 038 
8160 28 . 2! 28 . 2! 5: : : 035 


3490 21.71 2 : 061 
4790 21.§ 2 212 044 


3670 9.7! 052 
4870 ( 21 31.5 040 


3210 28 } 25 , 077 
4240 27.7: 27 .§ : 266 063 
5200 29 053 


3700 : 28.0! 067 
4020 25 . 9! 25 . 98 24! 061 
5380 28 .! 33 y 26 054 
8410 ‘ 4 40 57 .: : 045 
10,680 39.: 40 036 


cylinder strength of concrete. 

load causing diagonal crack at one end of beam. 
= load causing diagonal crack at other end of beam. 
ultimate load capacity of beam. 

nominal unit shear based on /’s). 

nominal unit shear based on Ps». 
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testing machine, ultimate load capacity, and nominal shear for all of the beams 
tested. Nominal unit shear v, was computed as the standard value of total 
shear divided by bjd. Total shear is equal to half the machine load at diagonal! 
cracking. In those tests in which diagonal cracks formed at both ends of the 
beam, both values are reported, thus giving a better estimate of the range of 
shear strength for any particular lightweight aggregate. A comparison of 
ultimate loads with diagonal cracking loads shows that the spread of nominal 
unit shear would be nearly doubled if computed on the final load basis. The 
writer feels that such practice has contributed to the wide range of shear 
values reported in the literature for beams without web reinforcement. 

Fig. 7 presents the nominal unit shear strength as a function of concrete 
strength. Results for concrete made with lightweight aggregates No. 2-6 
and No. 9 are grouped closely at approximately 75 percent of the shear strength 
of the normal weight concrete made with Aggregate 8. Aggregate 7, the 
sintered shale, produced concrete with a shear strength equal to that of Aggre- 
gate 8. No explanation of this increased strength relative to other light- 
weight concretes can be offered. However, in a later series of tests for ulti- 
mate load design coefficients, Aggregate 7 again showed behavior similar 
to the Elgin sand-and-gravel concrete. A search of the literature for com- 
parable values of shear strength for lightweight concrete beams yielded only 
the tests of Haydite concrete by Richart and Jensen.? Their values for shear 
strength at comparable cylinder strengths are approximately 65 percent 
greater than those reported here. However, their values were computed 
from the ultimate load and their beam specimens were 1.6 times as deep in 
proportion to span as the beams of the present study. 

Moody, et al.,* and Morrow and Viest® present the only values of shear 
strength found that have been computed on the basis of diagonal cracking 
load. The Moody beams were of sand-and-gravel concrete, the aggregate 
being designated as Wabash River sand and gravel. The tests, conducted at 
the University of Illinois, included Series A beams, 7 x 12 in. in section and 
6 ft 3 in. long, loaded at the center point, and Series B beams, 6 x 12 in. in sec- 
tion and 10 ft long, loaded at third points. Steel percentages varied from 
0.8 to 2.37 and concrete strengths from 880 psi to 5970 psi. The unit shears 
at diagonal cracking have been superimposed as small dots on Fig. 7. 

Morrow and Viest® also used Wabash River sand and gravel for test beams, 
12 x 16-in. in cross section with span varying from 42 to 240 in. Beams were 
loaded through a stub reinforced column cast integrally at the center of the 
beam. As in the Moody tests, no web steel was used. Longitudinal reinforce- 
ment varied from 0.57 to 3.83 percent and concrete strengths varied from 
2000 to 6000 psi. Nominal unit shear strengths from the Morrow-Viest beams 
with a 70-in. span are also shown in Fig. 7 as four-point stars. To prevent 
further confusion on the diagram, values from the longer span Morrow-Viest 
beams were not plotted, but these also exhibit unit shear strengths of the 
same approximate magnitude. 
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Fig. 7—Nominal shear strength as a function of cylinder strength 


It is evident that at comparable strengths these sand-and-gravel concretes 
showed a nominal shear strength no greater than that of the lightweight 
concretes. For test conditions selected the shear values plotted in Fig. 7 
have a minimum factor of safety of 2.0 above the working stresses given by 
“Building Code Requirements for Reinforced Concrete (ACI 318-56),’’ and 
in the higher strength ranges they exceed these working stresses by a factor 
varying from 2.9 to 4.0. 


In using these data for the design of lightweight concrete structures, it 
should be remembered that the shearing resistance of beams is reduced by 
axial tension, and that with many lightweight aggregates the drying shrinkage 
is greater than with normal weight aggregates.* When such aggregates are 
used in members in which axial tension may develop as a result of restrained 
shrinkage, conservative values of allowable shear should be selected. 


Measured strains 


Voluminous strain data taken during loading of the shear beams proved of 
considerable value in establishing the type of failure and beam performance 
characteristics. The locations of gages are shown by Fig. 1. Gages 3 and 4, 
located at the center of the beam on the top fiber, and on the reinforcing steel, 
gave the “measured” location of the neutrai axis in the pure moment zone. 
Gages 1 and 2, located on the steel 11 in. from the ends of the beams, showed 
the effects of stress redistribution due to the diagonal cracking and also in- 
dicated that bond failure did not contribute to either diagonal cracking or to 
ultimate failure. Since the bond stress at the end of the bar must be zero, 
the average bond stress in the length of 11 in. of steel reinforcing to the gage 
nay be computed from the total force in the steel and the size of the bar. No 
bond stresses so computed exceeded the pull-out values reported by Shideler® 
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for bottom bars. In regard to bond stress computed by the conventional! 
method, only one beam, 2B, exhibited bond stress exceeding that allowed 
by the ACI Code, and then only by 15 percent. 


Gages 5 and 6 located under the third-point loads definitely indicated that 
those beams which failed at diagonal cracking load did not achieve sufficient 
strain to fail by compression. In the later stages of testing, Gages 5x and 6x 
were mounted 914% in. outside the load points on the top of the beam to check 
the tensile strain shown to exist due to the eccentricity of the resultant of 
forces on the shear block. This location was chosen from observation of 
cracks in beams previously tested. None of these later beams failed at the 
diagonal cracking load, but large reductions in compressive strains, or even 
tensile strains were found in all cases as loads increased to the ultimate. 

For those tests which included concrete strain measurements outside the 
load points, a calibrated load cell or electric dynamometer was mounted be- 
tween the testing machine head and the load-distributing beam. Data from 
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Fig. 8—Typical measured strains of lower strength beams 
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this cell were continuously recorded, and thus the load-strain relationship 
could be plotted during sharp load reductions at diagonal cracking. This 
strain history for Beams 5A and 7B appears in Fig. 8. From zero load to the 
load at diagonal cracking, symmetry of corresponding strains shows that the 
third-point loads were nearly equal. After diagonal cracking this similarity 
of strain distribution did not continue since the strains on the shear block 
were distributed in accordance with the position of the diagonal crack and 
with its proximity to the top surface of the beam. Beam 5A failed completely 
at the cracking load, but the upper diagram of the figure shows maximum 
compressive strain far less than that which would indicate a compression 
failure. Examination of Fig. 4 shows vertical cracking outside of the load 
point, caused by tension in the shear block referred to above. The right side 
of the lower diagram of Fig. 8 shows development of such tension in Beam 7B. 


Deflections 

Deflection of lightweight concrete beams is an important design considera- 
tion because of the relatively low modulus of elasticity of this material. Fig. 
9 is a typical load-deflection diagram for these tests. Dial gages located at 
the third points and at the center again indicated that the equipment gave 
symmetrical loading even after the diagonal cracks. A rather large increase 
in deflection may be noted at each of the diagonal cracking loads. At lesser 
loads the curves are fairly linear and should be amenable to prediction. 

Table 5 shows a comparison of computed and measured deflections for all 
the beams at loads less than those which caused diagonal cracking. The 
deflection of the ‘‘cracked”’ flexural section was computed by the “transformed 


TABLE 5—COMPUTED AND MEASURED DEFLECTION OF SHEAR BEAMS 


j 
Computed Measured deflection, in. 
Beam te’, Load, center = ; aa 
No psi kips deflection, Left third Right third 
in. point Center point 


6910 20 057 058 064 057 
3680 16 087 072 093 081 
5350 16 O81 ).076 085 070 


3310 16 080 080 091 082 
4090 16 078 074 O88 078 


2980 16 O88 086 099 089 
4890 16 081 O88 077 
7000 20 067 j 070 064 
8160 20 066 Ee .061 0.058 


3490 16 079 081 072 
4790 16 074 ! 078 068 


3670 16 077 ; 081 072 
4870 16 069 j 076 068 


3210 16 077 7 079 069 
4240 16 074 } 074 067 
5200 16 070 < 076 071 


3700 16 065 ¢ 081 078 
4020 16 064 : 067 058 
5380 16 061 . 055 050 
8410 20 047 2 048 043 
10,680 045 ‘ O51 046 
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Fig. 9—Measured deflections, Beam 4B 


cross section”? method at the center of the beam using the actual character- 
istics found in Table 3. The computed deflection is in all but two cases less 
than the measured, and the deficiency averages 6 percent. The above method 
predicts only the deflection due to flexural action, in accordance with general 
practice. 

Table 5 indicates an important consideration in the use of lightweight 
concrete for structural purposes. If the deflections of lightweight and normal 
weight beams of the same compressive strengths are compared, the deflections 
of the lightweight beams are from 15 to 35 percent greater than those of the 
sand-and-gravel beams. In an accompanying comparison, the modulus of 
elasticity (Table 3) of the lightweight concrete varies from two-thirds to 
half of that of normal weight concrete. 


SUMMARY AND CONCLUSIONS 


1. This investigation was limited to beams of one size and type of loading, 
with only one test of each of the eight aggregates at each compressive strength. 
Span was 6 ft 6 in., depth to steel was 101% in., and loading was at third points. 

2. The ultimate load of these beams without shear reinforcement, and 
failing in diagonal tension, was materially affected by the location of the 
diagonal crack. Therefore, only loads at diagonal cracking were used to com- 
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‘ the nominal shear strengths. Ultimate loads above this cracking load 
e obtained only by chance and thus had no practical significance. 
While the nominal unit shear strength of the lightweight concrete was 
wer than that of companion normal weight concrete beams, a comparison 
with normal weight concrete beams tested by other investigators shows com- 
parable shear strength for concretes of the same compressive strength when 
used in unrestrained beams. In restrained beams, some lightweight aggre- 
gates may develop higher shrinkage stresses than normal weight aggregates. 


|. All values of unit shear strength reported have safety factors of 2.0 to 
10 above the ACI Building Code working stresses, the lower value being 
applicable to lower strength concretes. 


5. The nominal unit shear strengths were similar for all types of light- 
weight aggregate with the exception of the higher values for Aggregate 7. 

6. The deflections of both the normal weight and the lightweight beams 
after flexural cracking under working loads were computed by the “transformed 
cross section’? method with acceptable accuracy. However, such computations 
should use realistic values of modulus of elasticity for the concrete. 
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CURRENT REVIEWS 


of Significant Contributions in Foreign and Domestic Publications 


Bridges 


Development of the new AASHO 
specifications for composite steel and 
concrete bridges 

I. M. Vrest, R. 8. Founrarn, and C. P. Sress, Bulle- 
tin No. 174, Highway Research Board, 1958, pp. 1-17 

The AASHO Committee on Bridges and 
Structures in 1955 prepared a new specifica- 
tion for composite bridges. The scope of the 
restricted to structures 
composed of steel beams with concrete deck 
slabs connected by shear connectors. 

The major new provisions are concerned 
with the design of shear connectors, the de- 
sign of negative moment sections, and the 
effects of creep of concrete on the stress con- 
ditions in a composite beam. 


specification was 


Construction 


Below grade construction 


Building Construction Illustrated, V. 25, No. 


1, July 
1958, pp. 32-46 


Discusses and pictures practice in the con- 
struction of foundations of various types, 
slabs on grade, basements, crawl spaces, re- 
taining walls, etc. Unusually well illustrated, 
the article should interest estimators as well 
as designers and builders. 


Winter construction 
C. R. Crocker, The Engineering Journal (Montreal), 
V. 41, No. 2, Feb. 1958, pp. 43-49 (discussion, p. 77) 
Reviewed by Aron L. Mirsxy 
A comparison of Swedish, Russian, and 
Canadian methods of winter concreting, and 
an outline of what could be done, particularly 
by architects and engineers, to reduce costs 
on this type of construction. Primary goal 
is more efficient utilization of labor without 


summer employment and winter unemploy- 
ment peaks. 


Design for a warped deck garage 
E. M. Kuovury, Consulting Engineer, V. 10, No. 1, 
Jan. 1958, pp. 109-111 
Reviewed by Aron L. Mirsky 

Interesting approach to the problem of 
large multideck parking garages: all decks 
are level except at center of structure, where 
they are warped in the form of a hyperbolic 
paraboloid which serves as the travel lanes 
between Level exterior portions 
could even be used for offices, with parking 
space in core. 


floors. 


The import of concrete for modern 
construction (Die Bedeutung des Belons 
fiir das neuzeitliche Bauwesen) 
Perer Miscn, Die Bauzeitung (Stuttgart), V. 62, 
No. 9, Sept. 1957, pp. 426-428 
Reviewed by Aron L. Mirsky 

Brief but trenchant presentation of the 
uses to which concrete has recently been put 
(e.g., tall TV tower, Stuttgart; Benjamin 
Franklin Hall, Berlin; and others), and the 
role of cooperation among architect, engi- 
neer, contractor, material man, and others 
concerned in attaining this 
maintaining it in the future. 


stature and 


Experience on arch dam construction 
in Norway (in Norwegian) 
Cur. F. Groner, Nordisk Betong (Stockholm), V. 2, 
No. 1, 1958, pp. 1-12 
Reviewed by Maraaret Corsin 

Since 1930 arch dams in Norway have been 
designed as slender reinforced concrete dams 
with a cement content of 350-400 kg per cu m. 
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They are built with as few construction joints 
as possible; all the joints are dentated (ser- 
rated) to prevent seepage. The downstream 
side is protected with an insulating wall to 
avoid frost damage. Excellent experience 
with concrete dams has been recorded so far 
and they are considered superior to all other 
types of dams both with respect to safety 
factor and to statically correct force distribu- 
tion. 


Design 


Steel stresses in reinforced concrete 
bridges 
G. B. Cotsrings, Surveyor and Municipal and County 
Engineer (London), V. 117, No. 3443, Apr. 19, 1958, 
p. 35 
Highway Research ABsTRACTs 
June 1958 
As far as allowable working stresses in 
reinforcement are concerned, British practice 
has tended in the past to be more conservative 
than in most continental countries. Conti- 
nental engineers have revised their ideas on 
the stresses to be used in bridge design and 
have worked to much higher steel stresses in 
many important bridges built since the war. 
Table shows the maximum permitted 
stresses in high tensile steel in bridge struc- 
tures in various European countries. 


Design of folded plate roofs 
Howarp Soupson, Proceedings, ASCE, V. 84, ST 1, 
Jan. 1958, pp. 1508-1-1508-21 
AvuTHor’s SUMMARY 
The procedure for the analysis of a single- 
span folded plate structure is reviewed and 
discussed with the aid of an_ illustrative 
example. The effects of relative displace- 
ments of the longitudinal edges are considered. 


South American meetings on struc- 
tural engineering—official record of 
the fifth meeting (Jornadas Sudameri- 
canas de ingenieria estructural—mem- 
orias de las quintas jornadas) 
Facutty or ENGINEERING OF THE UNIVERSITY OF 
Urvevay, Ministery of Public Works and Ministery 
of Education of Uruguay, Montevideo, Oct. 1954, 
337 pp. 
Reviewed by Cetso A. CARBONELL 
The book describes 21 works presented 
during the October, 1954, meeting all of them 
dealing with scientific structural studies. 
Argentina presented one paper; Brazil 
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seven; Chile five; and Uruguay eight. Each 
one of the works is an exhaustive study of 
particular structural problem with a good 
number of illustrations and examples. A 


good addition to the library of a structural 
engineer. 


Failure of reinforced concrete beams 
subject to bending and shearing 
stresses (La rupture par flexion et par 
effort tranchant dans les poutres en 
béton arme) 
R. Cuampaup, Annales de l'Institut Technique du 
Batiment et des Travaux Publics (Paris), No. 110, Feb, 
1957, pp. 169-205 
Reviewed by Henri Perrin 
In the first part the author summarizes his 
theory on failure by bending which he had 
already presented in previous papers. The 
second part deals with a new approach to 
explain failure by shear. Only simple beams 
of I-section and T-section are considered. It 


is suggested that the concrete struts under. | 


compression are more inclined on the hori- 
zontal than generally assumed. Various 
aspects of the problem are covered by new 
formulas, as for instance a lower limit for 
shear reinforcement. Comparisons between 
computed values and test results confirm the 
proposed theory. A few photographs of 
tested beams are also commented on. 


Types and forms of shell structures 
Mito 8. Kercuum, Ketchum and Konkel, Denver, 
1958, 122 pp. 

Provides sketches and descriptions of the 
many variations possible with concrete shell 
structures. Purpose of the booklet is to aid 
the designer in selection of a structure for a 
particular project. Particularly appropriate 
for architects or structural engineers working 
for architects. 


Analysis and tests of translational 
shells of composite concrete and ma- 
sonry (Berechnung von doppelt ge- 
krimmten Schalen und Versuche an 
solchen aus Tonhohlsteinen) 
Osxar Gmauer, Schweizerische Bauzeitung (Zurich), 
V. 75, No. 22, May 31, 1958, pp. 329-335 

Develops theory for analysis of the mem- 
brane stresses in translational shells followed 
by a method of calculating edge stresses. 
Compares theories illustrated by numerical 
example and then compares to test results on 
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posite shells of reinforced concrete and 
Shells are composed of light hol- 
tile laid up on templates and light shores 
then concreted. The test load consisted 
sand bags suspended beneath the shell 
loading controlled by pneumatic in- 
flated cushions. 


ynry. 


Design of tilt up buildings 
F. Taomas Co.tuins, Know How Publications, San 
Gabriel, Calif., Ist Edition, 1958, 162 pp., $12.50 
Since tilt up is basically job site prefabrica- 
tion, Maximum economy requires design and 
details suitable for the construction method 
and familiar to the construction trades. The 
book presents designs and details to utilize 
proven field procedures, as well as many 
proposed improvements including the use of 
prestressing. Most detail and design em- 
phasizes resistance to wind and earthquake. 


Course on experimental analysis of 

structures (Curso de analisis experi- 

mental de estructuras) 

Jutio Ricaupont, Faculty of Engineering, Univer- 

sity of Uruguay, Montevideo, Sept. 1957, 170 pp. 
Reviewed by Ceiso A. CARBONELL 

Explains the different techniques in use 
for the experimental analysis of structures, 
not only in its theoretical aspect but also 
with comments about the scope and possibili- 
ties of each case and its practical applica- 
It is actually a textbook to be used 
by the civil and industrial engineering stu- 
dents in the University of Montevideo. 

The author specifically avoids the details 
of construction and manipulation of equip- 
ment leaving this matter to the specialists, 
but he cites some references specially selected 
for this purpose. 


tions. 


Materials 


Alkali reactions in concrete—General 
(Alment om alkali reaktioner i beton) 


P. Nerenst, Progress Report Al, Committee on Alkali 
Reactions in Concrete, Danish National Institute of 
Building Research and the ag | of Technical 
Sciences, Copenhagen, 1957, 44 pp., 12 D.kr. (25 per- 
cent discount may be obtained by ordering full series) 
An introduction to the work of the Com- 
mittee on Alkali Reactions in Concrete of the 
Danish National Institute of Building Re- 
search and the Academy of Technical Sciences. 


This report is meant to give Scandanavian 
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readers an over-all impression of the nature 
of alkali reactions in concrete based mainly on 
literature in the English language. 

The first sections deal with the economical 
and technological aspects of the durability of 
concrete as a whole. A brief historical review 
of the research carried out in the United States 
on alkali reactions is presented, as well as a 
short summary of test methods. The paper 
contains several references to other publica- 
tions of the committee and a comprehensive 
bibliography. 

Two previous Progress Reports were re- 
viewed in the ACI Journat in May 1957, 
Proc. V. 53, p. 1099, and in May 1958, 
Proc. V. 54, p. 1015. 


Classification of Danish flints etc. 
based on x-ray diffractometry 

A. Tovsore Jensen, C. J. Wontx, K. Drenck, and 

E. Kroou ANpERSEN, Progress Report D1, Committee 

on Alkali Reactions in Concrete, Danish National In- 

stitute of Building Research and the Academy of 

Technical Sciences, Copenhagen, 1957, 37 pp., 12 D.kr. 

25 percent discount may be obtained by ordering the 

whole series) 

Forty-two Danish flints and other siliceous 
rocks have been studied by quantitative X-ray 
diffractometric methods. Most of the speci- 
mens were types used as aggregate in field 
concrete. The results have been tabulated in 
order of decreasing percentage of a-quartz. 
The order adopted is presumably also one of 
increasing chemical reactivity. 

Opal in the petrographic sense is shown to 
be not an “end member”’ in the silica-hydrous 
silica system, but to comprise a range of sub- 
stances extending from (1) the completely 
glassy through (2) the partly platycrypto- 
crystalline with cristobalitic atomic arrange- 
ment of increasing order to (3) a state where a 
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considerable part of the silica is present as 
a-quartz. 

It remains to be seen if the classification of 
flints and other siliceous rocks based on petro- 
graphic examination or on x-ray diffracto- 
metry is the more useful one for the under- 
standing of alkali reactivity. 


Occurring of flint and chert types in 
Denmark (Flintforekomster i Danmark) 
Heuce Gry and Bent SonpDERGAARD, Progress Report 
D 2, Committee on Alkali Reactions in Concrete, 
Danish National Institute of Building Research and 
the Academy of Technical Sciences, Copenhagen, 
1958, 63 pp.; English summary, pp. 50-63; 12 D.kr. 
(25 percent discount may be obtained by ordering full 
series) 

Presents a petrographic description of the 
Danish Cretaceous cherts (flints) and other 
silicified rocks in Denmark. 


Anhydrite cement (in Croatian-Serbian) 
B. Nesovic, Naie Gradevinarstvo (Belgrade), V. 12, 
No. 1, Jan., 1958, pp. 34-39 
Reviewed by J. J. PotivKa 
With reference to research of P. P. Budnikov 
(Russian Academy of Science), author thor- 
oughly discusses properties and economy of 
anhydrite cements compared with typical lime 
and gypsum cements. Anhydrite, a mineral, 
differing chemically from gypsum in contain- 
ing no water of crystallization, is found in 
great quantities in Bosnia and Herzegovina. 


Tests proved, e.g., that compressive strength 
of cement with 50 percent anhydrite, 3800 psi, 
increased to 5300 psi when 90 percent an- 
hydrite was added. 
of anhydrite cement is described. 


Manufacturing process 


Cement and concrete 
ASTM Special Technical Publication No. 205, Jan. 
1958, 152 pp., $4.00 

A collection of papers presented during 
the Second Pacific Area National Meeting of 
the American Society for Testing Materials 
held in Los Angeles, Sept. 17, 1956. 


Effect of storage on air-entraining cements 
W. J. McCoy and 8. B. Hetms, pp. 1-5 (discussion, 
p. 6) 
AuTHors’ SUMMARY 

Results of tests on samples of Types I, LA, 
ITA, and IIIA portland cement stored under 
various conditions for periods up to 5 years 
are reported. The effect of time and condi- 
tions of storage on air content, ignition loss, 
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specific surface, and free lime results was 
determined at intervals during the 5-year 
period. These tests show that aging of 
cement does not cause any significant change 
in the above properties, or the setting time, 
or compressive strength if the cement is 
properly stored so as to prevent any reaction 
with moisture or carbon dioxide, as would 
be shown by no appreciable increase in the 
ignition loss. 


Hydrophobic cement 
U W. Srott, pp. 7-15 (discussion p. 16) 
AvuTHor's SUMMARY 
The resistance to atmospheric deteriora- 
tion of fresh portland cement can be increased 
through the use of small amounts of inter- 
ground oleic acid. Laboratory tests have 
demonstrated that the addition of from 0.1 
to 0.4 percent oleic acid decreases the effort 
required during finish grinding of cement 
that a deterioration-resistant fresh 
cement will result; and that if the air-entrain- 
ing tendencies of portland cement so treated 


more 


are controlled, the resultant mortars and 
concretes are similar to those obtained using 
A suitable air-detrain- 
This air- 
reducing agent may be either interground or 
added at time of mixing. 


untreated cements. 
ing agent is tri-n-butyl phosphate. 


Carbonation of hydrated portland cement 
Georce VERBECK, pp. 17-36 
AvuTHor’s SUMMARY 

Existing experimental and physicochemi- 
cal evidence regarding carbonation of the con- 
stitutents of portland cement is reviewed and 
indicates that substantially all of the consti- 
tuents of cement are subject to ultimate 
carbonation under ideal conditions. 

Humidity during exposure to carbon dio- 
xide appears to be a major factor influencing 
the shrinkage directly produced by carbona- 
tion. Concentration of carbon dioxide and 
size of specimen also have important effects, 
possibly produced by indirect changes in 
humidity within the specimem. Increased 
subsequent volume stability to moisture 
change was obtained by prior carbonation. 

The influence of high pressure steam curing 
procedures on some physical properties o/ 
cement pastes containing siliceous additions 
is presented. The amount of water vapor 
absorbed at 36 percent relative humidity is 4 
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nature of the 
hydration product and is influenced by sili- 
ceous additions and decreased during curing 
at elevated temperatures. This fundamental 
characteristic of the hydration product is 


measure of the amount and 


closely related to the elastic modulus, water- 
loss shrinkage, carbonation shrinkage, degree 
of carbonation, and water permeability of 
the paste. 

The strict physicochemical significance of 
the phenolphthalein color test for estimating 
depth of penetration by carbon dioxide gas 
is questioned. 


The partial replacement of portland cement in con- 
crete 
3nYANT MaTueER, pp. 37-67 (discussion pp. 67-73) 
AvuTHOR’s SUMMARY 
Sixteen replacement materials, including 
blast 


slag, natural cement, fly ash, volcanic glass, 


representatives of six classes furnace 
calcined opaline shale, and uncalcined diato- 
were investigated together with five 
portland cements: 


mite 
two Type I cements, of 
low and high alkali content, a Type II, a 
Type III, and a Type IV. A total of 123 
concrete mixtures containing crushed lime- 
stone aggregates up to %4 in. in size, 6 = \% 
percent air, and having a slump of approxi- 
2 in. About 
ratio 
of 0.5 by weight, to represent structural con- 


mately were proportioned. 


half the mixtures had a water-cement 
crete, the remainder 0.8 to represent mass 
The 16 
partial replacements of portland cement in 


concrete. materials were used as 


various percentages by solid volume from 
8 to 70. The performance of the replacement 


materials in concrete was rated against se- 


lected values for certain properties regarded 
as critical for the 
studied. 


two classes of concrete 


Alkali-aggregate phase of chemical reactivity in 
concrete. Part Il—Deleterious reactions observed 
in field concrete structures 
J. A. Hesrer and O. F. Surrn, pp. 74-88 (discussion, 
pp. 89-90) 
AutTuors’ SUMMARY 
\ report on an investigation of field struc- 
tures showing effects of chemical reactivity 
between cement and aggregate. The history 
of each structure was examined to determine 
the source and type of cement and aggregate. 
Gels and affected aggregate particles from 
these structures were examined and analyzed. 
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Concrete containing pozzolans was examined, 
including a chemical investigation of reac- 
tions of pozzolanic materials. 


Effect of aggregate quality on resistance of con- 
crete to abrasion 
F. L. Smrra, pp. 91-105 (discussion, p. 106) 
AvuTHorR's SUMMARY 

Sixty concrete mixes using different com- 
binations of aggregate, combining good qual- 
ity sand and gravels with poor quality sand 
gravels, different 
water-cement ratios, the latter ranging from 
0.32 to 0.70, were used to determine their 
effect on the resistance of concrete to abra- 
Aggregates were selected which repre- 
sented Los Angeles abrasion losses at 500 


and sand contents and 


sion. 


revolutions ranging between 12.6 and 39.1 
percent. Measure of resistance to abrasion 
loss was determined by three types of abra- 
sion machines: the Davis steel ball and the 
dressing wheel abrasion which 
represent the types of wear caused by steel 
wheels under heavy load, and the Ruemelin 
shotblast apparatus, which simulates the 


erosion caused by solids in flowing water. 


apparatus, 


Abrasion resistance varies directly with 
both compressive strength and cement con- 
tent and inversely with water-cement ratio, 
regardless of aggregate quality or combina- 
tions of aggregate used. No significant cor- 
relation was found to exist between the qual- 
ity of the course aggregate as determined by 
either the sodium sulfate soundness or the 
Los Angeles abrasion test and the resistance 
to abrasion of 
aggregates. 


concrete containing these 


Tests of prestressed expanded-shale concrete 
beams subjected to short-time and sustained loads 


Rayrmonp E. Davis, G. E. Troxeti, D. O. McCatt, 
and Ray A. McCann, pp. 107-130 (discussion pp. 
130-134 


AvutTuors’ SUMMARY 


This paper gives the results of tests on 19 
flexural members of prestressed concrete, of 
lengths ranging from 24 to 65 ft and includ- 
ing beams of double-T section for floors and 
roofs, box beams for floor systems of bridges 
and buildings, and girders and purlins of 
I-section for roofs. Most of the 
were composed of expanded shale lightweight 
concrete, and 
Most of the tests were made under loading 
which would 


members 
the steel was pretensioned. 


produce failure in bending; 
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others in shear. Observations were made on 
all flexural members to determine deflections 
and cracking, and on selected beams to deter- 
mine longitudinal strains in flexure or strength 
in shear. Auxiliary tests were made to deter- 
mine compressive strength and modulus of 
elasticity of concrete, creep of concrete under 
sustained compressive stress, and loss of ten- 
sion in steel reinforcement due to creep. 

In general, the tests confirm the assump- 
tions commonly made in design of prestressed 
concrete beams. 


A physical method for determining the composi- 
tion of hardened concrete 


Mixos Poxivea, J. W. 
pp. 135-152 


Keuty, and Ceci. H. Brest, 


AvuTuors’ SUMMARY 


This paper describes a ‘“point-count’’ 
method of determining the cement content 
of hardened portland cement concrete by 
analysis of a cut section with a traveling 
The voids and aggregate con- 
tent are estimated by direct observation; the 


microscope. 


cement content is then determined by differ- 
ence, with correction for nonevaporable water 
in the cement paste. Sand-aggregate ratio is 
also computed. 

Comparisons are made with results of 
chemical analysis according to ASTM C 85-54 
and two other chemical methods developed 
during the investigation. The precision of 
each method is estimated, and the advantages 
and limitations are discussed. 


Optimum amounts of chlorides added 
to concrete mixes placed in pavements 
at temperatures below freezing (in 
Russian) 
V. I. Ovcnarov, Beton i Zhelezobeton (Moscow), No. 2, 
Feb. 1958, pp. 55-60 
Reviewed by D. Warsrein 

Recent studies of ‘‘cold’”’ concreting showed 
that additions of calcium and sodium chlor- 
ides up to 16 percent by weight of mixing 
water have resulted in adequate strength 
development of concrete placed at from —5C 
to —10C, without preheating or any protec- 
tion. The author stresses the need for the 
concrete to develop no less than 50 percent 
of its design strength within the period of 
“cold” cure at specified temperatures before 
the coucrete is permitted to freeze at appre- 
ciably lower temperatures. Under this condi- 
tion of initial ‘‘cold’’ cure, the compressive and 
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transverse strength of the concrete showed , 
progressive increase up to an age of 360 days 
The amounts of chlorides varied in the follow- 
ing amounts: 12 percent of NaCl, 8 percent 
NaCl + 4 percent CaCl:, 12 percent NaC) + 
2 percent CaCl,, and 12 percent NaCl + 4 
percent CaCl,. In some cases the concretes 
containing CaCl, developed higher strengths 
at 360 days than the control specimens. The 
proportions of the concrete were 1:1.9:3.7 
with W/C = 0.45. The specimens were 
15 x 15 x 75-cm. prisms and the compressive 
strengths were determined on modified cubes 


Insoluble residve determination in 
portland and portland-slag cements 


W. J. Hausreap and Bernarp CHarken, ASTM 
Bulletin, No. 229, Apr. 1958, pp. 60-61 
























The ASTM method of analysis for insoluble 
residue in cement was found to give variable 
results depending upon the analyst’s inter- 
pretation of the specified conditions. The 
authors suggest modifications and clarifica- 
tions to increase the reproducibility of the test 
results. They compared the federal method 
with the ASTM procedure and obtained 
different results for certain interpretations of 
the latter procedure. 


Characteristics of special aluminous 
cement (in Japanese) 
Ranzo Naaano, Semento Gijutsu Nenpo, No. 3, 1949, 
pp. 52-58 
Crramic ABsTRACTs 
May 1958 (Y. Suzukawa 

To elucidate the characteristics of special 
aluminous cement prepared and patented by 
Hashimoto and Nagano, four compounds of 
the system CaOQ-Al,O; were prepared from 
pure chemical reagents. The setting time and 
the strength developed by mortar and con- 
crete were determined for all compounds 
except 3CaO0- Al,O; 


Tensile tests of prestressing steel a! 
elevated temperatures and evaluation 
of fire tests on prestressed and non- 
prestressed reinforced concrete mem- 
bers (in German) 


DANNENBERG, DeuTscHMANN, and Metcuior, Pre- 
ceedings, Deutscher Ausschuss far Stahlbeton (Berlin), 
V. 122, 1957, pp. 9-35 

Reviewed by Patrick E. Murrny 


Tensile tests of prestressing wires (0.2-in 
diameter) and bars (1-in. diameter) heated to 
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500 C, and 600 C are reported. The 
ts of these were combined with previous 
in fire tests on reinforced concrete mem- 
ind some recent English and Dutch fire 
with prestressed concrete to form the 
; for prediction of effect of fire damage to 
pre tressed concrete members. 


Pavements 


Provisional roads made of prefabri- 
cated reinforced concrete slabs (in 
Polish) 
8. Nowak, Przeglad Budowlany (Warsaw), No. 11, 
1956, pp. 450-451 
Pouisn TecunicaL ABSTRACTS 
No. 4 (28) 1957 
The surface of provisional roads is laid with 
transportable reinforced concrete slabs of 
dimensions: 3 x 2.5 x 0.17 m, the weight of one 
slab amounting to 3020 kg. The slabs are 
laid in position by means of a truck crane. 
The surface of prefabricated slabs is smooth 
and they are much more durable than broken 
A much higher degree of free passage 
for automotive traffic is ensured, irrespective 
of atmospheric conditions. 


stone. 


Prestressed Concrete 


Advanced prestressed concrete —_— 
Baotnewing Progress at the University of Florida, V. 

No. 4, Apr. 1958; Bulletin 96, Florida Engineering in 
Industrial Experiment Station, 140 pp. $3 

A compilation of papers presented at the 
Second National Prestressed Concrete Short 
Course, Jan. 27-31, 1958. The book contains 
12 papers which include: an introduction to 
methods of prestressing and elastic design; 
five papers on materials uesd in prestressed 
concrete; and separate papers on composite 
beams, choice of sections and camber, bridge 
design, ultimate strength design, long span 
designs, unusual design examples, and con- 
tinuous bridge beam design. 


Approaches to street bridge over the 
River Glomma at Fredrikstad, Norway 
(in Norwegian) 

A. G. Franpsen, E. Katnaver, Cur. Ostenreip and 


E. Strom, Nordisk Betong (Stockholm), V. 


2, No. 1, 
1958, pp. 13-44 


Reviewed by MarGcaret Corsin 


Paper deseribes concrete approaches, 500 m 
ong, to the main 196-m steel bridge span. 
‘The approaches consist of three continuous 
ections with spans of 23 m each. Precast 
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prestressed concrete main girders are sup- 
ported on cast-in-place columns with a mean 
height of 19 m (individual column height 
varies from 6 to 32 m). Each girder weighed 
60 metric tons. After prestressing the beams 
were hoisted to the top of the columns, placed 
on flat jacks for vertical 
rendered continuous by 


adjustment, and 


local prestressing 
over the columns. A special steel bridge, 
used in erecting the main girders, was also 
used, in structural cooperation with the pre- 
stressed girders, to carry the formwork for the 
bridge slab, whereupon it was moved to the 
next section. 


Transfer of prestress from pretensioned 
tendons to the concrete (in Russian) 


G. Ratz, M. M. Kuotmyansky, and ty M. 
ner, Beton i Zhelezobeton (Moscow), No. 1, Jan. 
pp. 4-13 


Kot- 
1958, 


Reviewed by D. Wartstretn 


The authors present the results of an experi- 
mental and an analytical study of the problem 
of anchorage of pretensioned reinforcement 
The test specimens were prisms ranging in 
cross section from 4 x 4 cm to 8 x 8 cm, and 
from 130 cm to 700 cm in length. The tendons 
consisted either of individual wires of 3, 4, 
and 5 mm diameter, or of two-wire (2.6 mm) 
and seven-wire (1.6 mm) strands. The indi- 
vidual wire tendons were deformed by means 
of indentations of variable depth and spacing. 
The strength of concrete at the time of transfer 
of prestress varied from 200 to 500 kg/per 
sq cm, and the level of prestress ranged from 
0.04 to 0.60 of the cube strength of the 
concrete. 

Extensive measurements of the distribution 
of slip near the ends of the tendons were made 
by means of optical comparators mounted at 
various sections of the concrete. The con- 
crete was cored out at those sections to permit 
observation of the steel. Measurements made 
over long periods of time indicated that for 
wires having indentations, slip of the tendons 
ceases to increase after 30 to 40 days. From 
the observed values of slip, the required an- 
chorage lengths were estimated for concretes 
of different strengths and for different types 
of reinforcement stressed from 2000 to 12,000 
kg/persqem. A substantial reduction in the 
required anchorage length was noted as the 
concrete strength was increased. For tendons 
stressed to 10,000 kg/per sq cm, the required 
anchorage was reduced by a factor of from 
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2 to 5 as the concrete strength increased from 
200 to 500/ kg per sq cm. 

In the theoretical treatment of the problem, 
equations were developed for the distribution 
of slip within the anchorage length. Expres- 
sions are also given for the relationship be- 
tween the stress in the reinforcement and the 
slip of the tendon with respect to concrete. 
The expression for the stress within the 
anchorage length shows that the distribution 
of stress changes with the level of stress and 
the diameter of the wire. 


Water tower in the town of Orebro, 
Sweden (in Swedish) 
Ertine Rernivs and Kurt Eriksson, Nordisk Betong 
(Stockholm), V. 2, No. 1, 1958 pp. 45-72 
Reviewed by MarGaret CorRBINn 

The water tower in Orebro, Sweden, has an 
unconventional shape, a volume of 9000 cu m 
and a total height of 58 m from ground level. 
Elevator shaft and stairway lead to a restau- 
The major part of the 
outer reservoir wall is a horizontally pre- 
The outer face of the 
wall is polygonal with 32 faces, every other 


rant housed on top. 
stressed conical shell. 


one projecting 20 cm in order to provide 
anchorage for the prestressing cables. The 
lower part of the wall has a double curvature 
zone so as to furnish a smooth transition from 
the conical shell to a footring on top of the 
supporting cylindrical structure. Radii were 
chosen to produce moderate boundary mo- 
ments and shearing forces, so that no pre- 
stressing was needed in the transition zone. 
A model of the res- 
ervoir was made and tested for internal water 


Shell analysis is given. 
pressure. Prestressing operations and erec- 
tion of cast-on-the-ground tank by means of 
32 hydraulic jacks are described. 


Scientific principles of the application 
of natural stone in prestressed struc- 
tures (in Polish) 
J. Prerrzyxowskxt, Inzynieria i Budownictwo (War- 
saw), No. 12, 1956, pp. 457-466 
Pouisn Tecunicat AnsTRACTs 
No. 3 (27) 1957 
From the economic point of view (quarrying 
and hewing costs, transport, equipment, etc.), 
and assuming a definite working level of 
technology and standardization of production 
processes, stone may successfully compete 
with reinforced concrete in certain types of 
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prestressed constructions. Detailed experi- 
ments were made with a view to solving the 
appropriate technical problems, and the re- 
sults obtained were then compared with similar 
data obtained from abroad. Particular at- 
tention was paid to the problem of joints 
between stone elements carrying the prestress- 
ing forces as well as to that of permissible toler- 
ances. It appears desirable that in such tests 
a safety coefficient for every individual case 
should be applied consisting of a number of 
coefficients characteristic of the stone proper- 
ties as well as of individual working conditions 
of a given structure. 


Experiments with prestressed concrete 
piles for deep water foundations in 
Lake Maracaibo (in Spanish) 
Gumtermo Jose Papron R., Revista del Colegio de 
Ingenieros de Venezuela (Caracas), No. 261, Dec. 1957, 
_— Reviewed by Joseru J. Wappet 
The author describes design and construc- 
Piles were 
pointed, hollow, and were cast in a horizontal! 
position, using conventional reinforcing plus 
tensioned cables. The piles were tested as 


tion of prestressed concrete piles. 


follows: 

1. A 33-ft pile was tested in flexure to 
failure. 

2. A 60-ft pile was driven into hard ground 
to test the strength of the head of the pile 
while driving. 

3. A 145-ft pile was tested in flexure t 
determine the maximum moment under a 
limited load, then driven, in deep water, into 
hard ground, treating it in the same manner as 
piles driven at actual sites in deep water 

After the pile had been driven, its resistance 
to flexure and deflection was tested by apply- 
ing a horizontal force at the butt of the pik 
until failure occurred. 

Considerable space in this well illustrated 
article is given to discussions of design criteria 
and methods of construction. 


Grout used for prestressed concrete [in 
German) 

Kurt Wauz, Zement-Kalk-Gips (Wiesbaden), V. 10 
No. 2, 1957, pp. 53-56 

Ceramic ApsTRACts 

June 1958 (Hartenheim 

The essential properties of grout are suff- 

cient fluidity, low shrinkage, and no water 

separation. The water-cement ratio in the 
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preparation of grout is usually 0.36 to 0.44, 
but it should be as low as possible to give 
high strength and early resistance to frost. 
Agents added to increase fluidity should not 
contain CaCl, Testing methods are de- 


scri ed. 


Pressure grouting for prestressed con- 
crete (EinpressmGrtel fiir Spannbeton) 
Reprinted from Beton- und ae ee (Berlin), 
V. 52, No. 12, Dee. 1957 and V. 53, , Jan. 1958, 
19 py 

\ collection of five papers which present 
building code requirements for pressure 
grout, new developments in code requirements 
for pressure grouting, testing of materials and 
grout, shrinkage and volume change of grout, 
and new equipment for grouting. 


Properties of Concrete 


Frost resistance of mass concrete 
J. Ontu, Schweizer Archiv fir angewandte Wissenschaft 
und Technik (Solothurn), V. 23, No. 6, 1957, pp. 179- 

88; and No. 7, 1957, pp. 215-31 

Ceramic ABSTRACTS 
June 1958 (Hartenheim) 
Amount of cement, cement-water ratio, 
granulometry, and aggregates are important 
in concrete subjected to extreme and rapid 
changes in temperature. Their influence on 
the physical behavior of concrete is shown. 


Discussion on the ultrasonic testing of 
concrete 


R. Jones, and others, The Structural Engineer (Lon- 
don), V. 35, No. 5, May 1957, pp. 190-206 


Reviewed by C. P. Siess 


Seminar relating to techniques and applica- 
tions of pulse-velocity technique. Several 
contributions mentioned unreliability of 
velocity-strength correlation although veloc- 
ity-modulus correlation was good. Also 
several references to need and difficulty of 
measuring length of path. In spite of these 
limitations numerous practical applications 
in laboratory, plant, and field were cited in- 
cluding: quality control of concrete in both 
precast and cast-in-place construction, in- 
vestigations of structural adequacy, deter- 
mination of setting time, location of cracks, 
and others. 

Final note by C. F. Clarke describes use of 
gamma radiography using radiocobalt to 
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locate reinforcement and to determine posi- 
tions and sizes of areas of low density, and 
presumably, low strength concrete. 


Effects of cement admixtures on elec- 
tric corrosion of reinforced concrete (in 
Japanese) 


Yasvo Konpo, Axrmrko Takepa, and Sersus: Hive- 
SHIM \, Journal, Japan Society of Civil Engineers 
V. 43, No. 2, Feb. 1958, pp. 1-8 

Reviewed by Kryosu1 Oxapa 


Describes experimental research on the 
effects of admixtures, CaCl, with and without 
some calcium lignosulfonates, on the electric 
corrosion of reinforcing steel embedded in 
15-em cube concrete specimen. Reinforce- 
ment is subjected, as anode or cathode, to 
direct current of 5, 10 and 20 volts, or to 
alternating current of 20 volts, each for 28 
days, Concludes that CaCl, 
less than 1 percent of cement by weight gives 
no harm under direct current of less than 10 
volts, and, when calcium lignosulfonates used 
together, the corrosion tendency 


3 hr each day. 


is alleviated 
considerably even under direct current of 20 
volts. Twenty alternating current 
causes no corrosion for all concrete contain- 
ing the admixtures 


volts 


Creep in concretes 
R. Dutron, Bulletin No. 34, International Association 
of Testing and Research Laboratories for Materials 
and Structures (RILEM), (Paris), 1957, pp. 11-33 

A discussion of creep and shrinkage in con- 
crete under various conditions of loading and 
curing for concretes of various compositions. 
Includes a bibliography of 20 recent references. 


Shrinkage, creep, and compaction of 
high-strength concrete: Concrete of 
minimum shrinkage and creep (in 
Gases 


Barazs and J. Kinzian, Acta Technica Academiae 
| oer oe i (Budapest), V. 17, No. 1-2 
1957, pp. 113-14 


HUNGARIAN TecCHNICAL ABnsTRACTS 
V. 10, No. 1, 1958 


The evaluation of shrinkage, creep, and 
compaction tests on high-strength concrete 
has led to the conclusion that the age of the 
concrete at loading is the most important 
factor affecting the magnitude of shrinkage 
and creep. Under continuous load “‘compac- 
tion’”’ occurs in concrete structures in com- 
pression. As a result of this compaction, 
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strength and modulus of elasticity increase. 
The earlier the concrete is loaded, the greater 
the compaction. 


Radiation shielding concrete (in Danish) 
Erik Trups¢, Ingenigren, B Edition (Copenhagen), V. 
67, No. 7, Apr. 1, 1958, pp. 239-256 
Reviewed by Jesper STRANDGAARD 
The article is intended as a brief digest of 
literature 
shielding with concrete. 


about radiation 
Part 1 contains a 


summary of related physical definitions and 


representative 


terminology, and in Part 2 a synopsis is given 
of the technology of concrete shields, the 
choice of aggregate and additives, the propor- 
tioning of mix, structural shape selection, and 
the methods of placing the concrete. Twenty- 
one different concrete mixes with unit weights 
ranging from 2450 to 6560 kg per cum, and 
three methods of placing the concrete (con- 
ventional, prepacked, puddled) are tabulated 
together with resulting mechanical properties. 


Structural Research 


Transfer of high local pressure in 
reinforced concrete (in German) 
Wo.trGcana Pou.e, Proceedings, Deutscher Ausschuss 
fair Stahlbeton (Berlin), V. 122, 1957, pp. 37-52 
Reviewed by Patrick E. Murprny 
The transfer of high local compressive 
forces on reinforced concrete was studied in 
full seale tests of steel piles embedded in 
concrete caps. The light steel reinforcing 
hoops provided in the cap proved entirely 
adequate for resisting the bursting stresses. 


Symposium on the observation of 
structures (in French and English) 
Transactions of the RILEM Symposium in Lisbon, 
1955, published by Laboratério Nacional de Engen- 
haria Civil, Lisbon, 1957; V. I, 228 pp., and V. II, 
1028 pp., $10.50 

Volume I discusses the general problems, 
procedures, and equipment for observing be- 
havior of structures in the field. Texts of 138 
discussions of symposium papers are included, 
along with author index, and an index of 
structures cited in the various papers. 

Volume II contains the 54 papers which deal 
with the following subjects: description and 
characteristics of instruments for measuring 
(a) displacements, joint openings, cracks and 
rotations, and (b) strains, stresses, forces, 
temperatures, and moisture; evaluation of 
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the properties of the materials; and programs, 


descriptions, and interpretation of results of 
bridges, and other 
New apparatus and observation 


observations of dams, 
structures. 
methods as well as improvements of others 
Important structures built 
during the last 10 years are studied from the 


are described. 


standpoint of their behavior during and after 
construction. 

Papers of particular interest in the field of 
concrete will be reviewed individually in 
later ‘‘Current Reviews’’ sections. 


Model study of a dynamically laterally 
loaded pile 
Roy D. Gaunt, Proceedings, ASCE V. 84, 8M 1, Feb 
1958, 33 pp. 
Higuway Researcu ApsTrRacts 
May 1958 
A dimensionally scaled model of a vertical 
pile in soft soil has been dynamically tested 
Results indicate that a low frequency oscil- 
latory lateral load induces pile bending mo- 
ments which closely correspond to moments 
caused by the same load applied statically 
Analytical computation of pile moments 
based on the assumption of a soil modulus 
constant with depth appears to agree well 
with dynamic test results. 


































Composite beams with stud shear con- 
nectors 


Bruno THURLIMANN, Bulletin No. 174, Highway Re- 
search Board, 1958, pp. 18-38 


Testing of a composite beam structure 


32 ft long is described. The shear connectors 


on one of the beams were %4-in. diameter 
studs with upset heads, welded to the top 
On the other beam, 4-in. diameter 


flange. 
studs with end hooks at right angle were used 


Both types of shear connectors behaved 


satisfactorily under all testing conditions 


Tentative design recommendations concern- 


ing the use of stud shear connectors are made 


Concrete walls in compression under 


short-term axial and eccentric loads 
A. E. Seppon, Publications, International Associa- 
tion for Bridge and Structural Engineering, (Zurich 
No. 16, 1956, pp. 457-468 
AvuTxor's SuMMARY 
Tests were performed on full size walls and 
model walls and loads were applied over all 
or part of the wall length to include cases of 
distributed and concentrated loads. Infor- 
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, is given on the effects on wall strength 
of varying the slenderness ratio and length of 
the wall, the strength of the concrete, the 
eccentricity and concentration of the applied 
load, and on the contribution of reinforcing 
steel to wall strength. 


mati 


Determination of concrete stresses via 
strain measurements (Spannungser- 
mittlung an Beton durch Dehnungs- 
messungen) 


Wem, VDI Zeitschrift (Diisseldorf), V. 99, 
Dec. 21, 1957, pp. 1781-1786 
Reviewed by Aron L. Mirsky 


Gustav 


No. 3¢€ 


Concise survey of two principal topics: 
effect of properties of the concrete (age, 
strength, elastic modulus, etc.), and types of 
apparatus (mechanical, electronic). 


General 
Proceedings, ASTM, V. 57 


American Society for Testing Materials, Philadelphia, 
1957, 1430 pp., $12.00 

Sixty-six reports of technical committees 
together with appendices and 52 technical 
papers and discussions on a wide variety of 
subjects pertaining to research and testing 
materials. 

All symposia and other special sessions pub- 
lished separately as Special Technical Publica- 
tions, and all papers published in the ASTM 
Bulletin are listed. 

An important adjunct is a subject and 
author index to all papers published in any 
form by the society in 1957. In addition to 
the reports and technical papers, the Proceed- 
ings contains much discussion not previously 
published. 


Materials and methods of architectural 
construction 
Harry Parker, Cuartes M. Gay, and Joun W. 
MacGurre, John Wiley & Sons, Inc., New York, 3rd 
Edition, 1958, 724 pp., $12.00 

A revision intended to bring the seccnd 
edition (published in 1943) up-to-date. The 
book is eminently suitable as a text book for 
introductory undergraduate courses in archi- 
tecture. The principal divisions are: mate- 
rials of construction, engineering mechanics, 
and structural design and details applied in 
separate chapters for various materials of 
construction. Not suitable as a reference for 


practicing engineers or architects. Most of 
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the new material added is superficial and 
obsolete older material is still included. 


Proceedings of the symposium on 
safety of structures 

Science Council of Japan, Architectural Institute of 
Japan, and Japan Society of Civil Engineers (joint 
publishers), Tokyo, Dec. 1956, 128 pp. 

Presents 15 papers on various aspects of 
safety of structures. Papers include philo- 
sophical discussion of the concept of safety 
test measurements of stresses in 
railway bridges, analyses of the effects of 
variations in the strength of both reinforce- 
ment and concrete on load carrying capacity 
of a reinforced concrete structure, variations 
in strength of steel, variations in quality of 
concrete as manufactured and as placed, and 
discussions of the Japanese code for earth- 
quake safety. Individual papers of particular 
interest in the field of concrete will be re- 
viewed later. 


factors, 


Applied mathematics for engineers 
and physicists 
Louis A. Pipes, McGraw-Hill Book Co., New York 
2nd Edition, 1958, 725 pp., $8.75 

Designed for the general advanced mathe- 
matics course offered to applied scientists, 
covers a wide range of topics in the advanced 
calculus fields. Gives the engineer and ap- 
plied physicist the principal mathematical 
techniques they need to analyze the usual 
mathematical problems that arise in practice 
and to understand important current techni- 
cal papers. 


Scientific French 


Wim N. Locks, John Wiley & Sons, Inc., 
York, 1957, 112 pp., $2.25 


2.20 


New 


Scientific German 
Groree E. Conpoyannis, John Wiley & Sons, Inc., 
New York, 1957, 165 pp., $2.50 

Brief books for self instruction or classroom 
use to develop a reading knowledge of scientif- 
ic and technical German and French. They 
are intended to be used in conjunction with a 
dictionary only. The books essentially con- 
sist of a bird’s-eye view of the structure of 
the two languages with different peculiarities 
and patterns explained in detail as a reference 
grammar. Suitable for either beginners or 
those who need to refresh their knowledge 
of the languages. 
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Use of the Swiss hammer for estimat- 
ing the compressive strength of hard- 
ened concrete 
Witiiam E. Gries, Public Roads, V. 30, No. 2, June 
1958, pp. 45-50 

To determine the value of the Schmidt re- 
bound hammer as a tool for estimating the 
strength of concrete used in highway construc- 
tion, three series of laboratory tests were made 
The 
hammer was also used to estimate the strength 
field: 


beam sections cast for post-tensioning in a 


as well as numerous associated studies. 


of several concrete structures in the 


bridge; bridge piers about 2% years old; a 
handrail on a bridge about 38 old. 


Results of the various tests show that fac- 


years 


tors such as surface smoothness, surface 
moisture condition, and type of coarse ag- 
gregate affect the strength values obtained 


by use of the device. 


Reinforced concrete bin linings hard- 
ened by means of cast iron grit and 
shavings (in Polish) 
W. Gaca and 8. Bastian, Materialy Budowlane (War 
saw), No. 11, 1956; pp. 359-362, No. 12, 1956, pp. 391- 
395 

Pouiisn TecHNICAL ABSTRACTS 

No. 3 (27) 1957 

rock 


to abrasion and also sufficiently 


Linings of material bins must be 
resistant 
strong to resist impact. Both these conditions, 
not always found together, are fulfilled by 
linings hardened by means of cast iron grit 
and shavings. Samples were subjected to 
tests—including hammer and milling tests 

as regards resistance to abrasion, and strength 
On the basis of results obtained, the following 
grain 
amount of grit to be added, the most suitable 
composition of vertical wall linings, and work 


method. 


conditions were determined: size, 


Reinforced concrete in architecture 
Avy Anumep Raarat, Reinhold Publishing Corp., New 
York, 1958, 240 pp., $15 

The author states that new developments 
in structural engineering for reinforced con- 
crete are opening a gap between architecture 
and engineering in this field. The book is an 
attempt to bridge the gap in nontechnical 
language explaining the impact of new en- 
gineering principles upon architectural de- 
sign. It begins with a concise historical 
survey of the early approaches to reinforced 
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concrete including contributions by Amerieap 
engineers and then develops discussion on the 
architectural implications; in particular, of 
thin shell types. The 
discussion is made specific by numerous jj. 
lustrations, drawings, and photographs of the 
principles involved and their applications jp 
practice on outstanding structures throughout 
the world. 


construction of all 


Includes a 4-page bibliography, 
The book should be particularly useful and 
inspiring to creative architects and structural 
engineers dealing with such architects. 


Manual of accident prevention in con- 
struction 
Associated General Contractors of America, Ine, 
Washington, D. C., 5th Edition, 1958, 300 pp., $3.25 
Consists of recommendations for accident 
prevention organization and individual chap. 
ters presenting recommended safe practices 
for various phases of construction work in- 
cluding concrete work. Primarily intended 
for use by contractors, the loose leaf manual 
will also be valuable as reference material to 
engineers preparing 
gaged in field inspection. 


specifications or en 


Sequential analysis applied to quality 
control of concrete 


M. Grecory, Commonwealth Engineer (Melbourne), 
V. 45, No. 9, Apr. 5, 1958, pp. 51-54 


which the 
results of compression tests may be plotted 
during progress of a job. Average strength 
and control are clearly shown on the chart and 


Presents a control chart on 


trends are easily recognized leading to saving 
in cement for efficient control. 


Observations on the Mexico City 
earthquake of July 28, 1957 
J.J. Gouin, Architect and Engineer, Feb. 1958 
AvuTuor's SumMARY 
Discusses earthquake damage observed in 
Mexico City for each of the usual building 
types. Concludes that overturning is not 
major problem because. earthquake move 
ments are too rapid. There is merit in the 
use of relatively flexible moment-resisting 
frames and stiff walls, and the lateral fore 
requirements in the San Francisco code ar 
adequate although the new code for Mexico 
City sets up lateral force requirements i 
some cases two to three times as severe. 
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Industrial Detroit hosts ACI regional meeting . . . p. 3 


Contributions to the 
ACl Journal 


Technical pages of the AC] JOURNAL offer a medium tor 
reporting what is new and interesting in concrete research, 
design, construction, maintenance, or manufacturing. ACl oO 
members and JOURNAL readers are urged to share their knowl- “ 
edge and experience by submitting papers and reports for publi- He 
cation in the AC] JOURNAL. Time and changing interests demand fia 
that new contributors with new ideas take their place beside the pk 
old. ” 


The Technical Activities Committee selects the papers, com- 
mittee reports, discussions, and other contributions for JOURNAL De 
publication. A volunteer corps of experts in various segments 
of the field assists in technical appraisal of the manuscripts. Re 
Technically speaking, acceptable contributions present original | 
material for improvement of design, manufacturing, or construction; 
confirm, revise, or upset established ideas or practices; or review, 
digest, or arrange accumulated experience for more ready use. 


Further questions raised by TAC: will the contribution fit into a 
balanced publication schedule? Can it be published at reason- Lo 
able expense to the Institute? 


Wi 
A 
e s 
Contributors should furnish glossy prints or inked tracings of 4 
illustrations along with manuscripts submitted in triplicate for ef 
publication. Details of the form and physical arrangement of . 
contributions are given in the 1957 ACI Directory p. 14. Sep- : 

arate copies of this “publications policy” are available free on 
request to the Secretary. J, 
Erre 
Ho 
Manuscripts of papers, discussions, and reports Ne 

should be sent in triplicate to: 

Toc 
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Secretary, Technical Activities Committee 
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P.O. BOX 4754, REDFORD STATION, DETROIT 19, MICHIGAN 
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On the Cover—Just west of Detroit, 
the tall ooce of the Ford Motor Co. 
power plant, largest one in private 
industry, feck dean ae nae oes 
Bridge cranes run back and forth over 
the storage bins filled with iron ore, 
limestone, and coal. The Ford Rouge 

plant, world's largest industrial con- 
a covers 2 square miles of 
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Detroit Regional Meeting 
Program Demonstrates 


World-Wide Goncrete Interest 
October 27-29 


Highlighted by the dedication of the new Insti- 
tute headquarters building, the 11th ACI Regional 
Meeting promises an impressive program of techni- 
cal papers to be presented by eminent speakers of 
national and international prominence. 

The 3-day program, spiced with stimulating 
variety, includes technical sessions devoted to 
design, construction, the ACI Building Code; 
materials, and the ACI headquarters building. The 
sessions are geared to be of equal interest to the 
designer, builder, research man, and those in re- 
lated fields of the concrete industry. 

Emphasizing the world-wide scope of Institute 
activities, the speakers’ roster for this 
includes three European authorities. 

A. M. Haas 

A. M. Haas from Delft, Netherlands, will speak 
on “Relation of Form to Structural Design” at 
the design session, October 27. He is a staff mem- 
ber at the Institute of Technology, Delft, as pro- 
fessor of concrete and concrete construction. He 
graduated in 1921 and received his doctor’s degree 
in 1948 from the Institute. His experience spans 
three continents. He worked until 1927 in the 
United States and then was engaged for 2 years 
in road and building construction in the Nether- 
lands. The following 10 years found Professor 
Haas engaged in various phases of concrete con- 
struction in the Netherlands East Indies. Return- 
ing to the Netherlands he continued his concrete 
construction activity, joining the faculty at Delft 
in 1953. He is president of the Netherlands Con- 
crete Association and of the Netherlands Commit- 
tee for Concrete Research. 

Georg Wastlund 

Georg Wastlund, professor of bridge building 
and structural engineering at the Royal Institute of 
Technology, Stockholm, Sweden, and director of 
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meeting 
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WALTER H. PRICE (left) and JAMES D. 
PIPER were busy with candid cameras 
during their recent visit to the Soviet 
Union where they surveyed methods in 
the reinforced and prestressed concrete 
industry. Mr. Piper, vice-president for 
promotion, Portland Cement Association, 
Chicago, and Mr. Price, who heads the 
engineering laboratories of the Bureau 
of Reclamation at Denver, will report 
some of the highlights of their Russian 
tour for ACI regional meeting visitors, 
October 27. 


In the background are ACI 
members Ben C. Gerwick, Jr., president 
of Ben C. Gerwick Co., San Francisco, 
and Prof. T. Y. Lin, (right) University of 
California, Berkeley. Professor Lin head- 
ed the six-man American delegation. 


September 


the Swedish Cement and Concrete Rese 
Institute, Stockholm, will speak at the b 
ing code session on “High Strength Steel 
Cracking in Reinforced Concrete Member 


Professor Wastlund graduated as a « 
engineer from the Royal Technical Uni 
sity, Stockholm, in 1928 and received 
doctor’s degree in 1934. Following gra 
ation he was an assistant at the Struct 
Strength Laboratory of the university fi 
1929 to 1936. 
as a structural engineer at Skanska Cement- 
gjuteriet, Malmo, Sweden; in 1941 he became 
professor of structural engineering and bridge 


For the next 5 years he worked 


building at the Royal Technical University 
International 
Association for Bridge and Structural Engi- 


He is technical adviser to 


neering, a member of the bureau of the 
Concrete Committee, and was 
president of the RILEM Symposium on 
Bond and Crack Formation in Reinforced 
Concrete in Stockholm in 1957. 


European 


Hubert Rusch 

Since publication of the tentative program, 
confirmation has been received that Hubert 
Riisch, professor of reinforced concrete and 
bridge building and director of Laboratory 
for Testing Building Materials and Struc- 
Institute of Munich, 
Germany, will address the building code 


tures, Technology, 
session on factors of safety involved in con- 
struction employing simple and composite 
bending. 


In his present position since 1945, Dr 
Riisch has won great prominence through 
design and construction of outstanding re- 
inforced concrete structures in Europe, 
England, and South America. He has played 
an active part in the development of shell 
structures, prestressed concrete work, and 
precast construction projects of Dyckerhoff 
and Widmann. Just prior to World War II 
the Franklin Institute of the State of Pennsy!- 
vania awarded him the Longstreth Medal in 
recognition of his work in shell design. 


Building dedication 

Following 2 days of intensive technical 
sessions, the ACI regional meeting will be 
topped off on October 29 with the official 
dedication of the new headquarters, cul- 
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ninating years of planning and fund raising 
e!‘ort on the part of the ACI Building Com- 
mittee. Tours of the building will be con- 
dicted from 9:30 to 12:00, followed by the 
dedication luncheon at the Statler Hilton 
Hotel with A. Allan Bates, chairman of the 
Building Committee presiding. ACI Presi- 
dent McHenry will be joined on the speakers’ 
platform at this ceremony by Robert F. 
Legget, director, Division of Building Re- 
search, National Research Council of Canada, 
During the past few years, Mr. 
Legget has visited building research institutes 
all over the world, as well as a large number 
of the major laboratories of the world working 
in cement and concrete. He is familiar with 
progress throughout the world in concrete 
construction and related subjects of interest. 


Ottawa. 


In connection with the dedication cere- 
monies, the new library in the ACI head- 
quarters building will designated the 
Harvey Whipple Library in honor of the late 
ACI Secretary-Treasurer, the 
Institute continuously for 32 years. Mr. 
Whipple retired in February, 1952, and it 
was hoped that he would continue to serve 
for many years longer as editorial consultant, 
but his untimely death in September, 1952, 
ended his illustrious career. 


be 


who served 


Details of a special ‘Ladies Program”’ are 
being culminated to assure a thoroughly en- 
joyable schedule while husbands are engrossed 
in technical sessions and Institute affairs. 

J. Gardner Martin, Portland 
Association, Lansing, Mich., is general chair- 
man of the regional meeting and Prof. Elihu 
Geer, University of Detroit, heads the plan- 
ning group for the technical program which 
appears below. 


Cement 


MONDAY MORNING, OCTOBER 27 


Design Session— 
President Douglas McHenry, Chairman 


Introductory Remarks—President McHenry 


Russian Progress in Concrete Technology 


|. D. Piper, Portland Cement Association, 
Chicago, and Walter H. Price, U. S. Bureau 
of Reclamation, Denver 


Relation of Form to Structural Design 


A. M. Haas, Institute of Technology, Delft, 
Netherlands 


LETTER 


Strength of Concrete Under Combined Stresses 
K. S. Pister and Boris Bresler, University of 
California, Berkeley 

Analysis of Shear Test Data (work of ACI 

Committee 326) 

1. M. Viest, AASHO Road Test, Ottawa, Ill. 


Comparative Cost of Blast Resistant Design 


Warren Yee, Smith, Hinchman, and Grylls, 
Detroit 


MONDAY AFTERNOON, OCTOBER 27 


Construction Session— 
Ben Maibach, Jr., Chairman 


Concrete Shell Roof Construction Problems 
O. G. Sharrar, O. W. Burke Co., Detroit 


Precast Sandwich Panels for Shopping Center 
To be presented by a representative of 
Marietta Concrete Corp., Marietta, Ohio 

Design Problems and Service Performance of 

Precast Concrete Panels 
Victor Leabu, Giffels and Rossetti, Detroit 


Concrete Formwork 


Harry Ellsberg, Giffels and Rossetti, Detroit, 
Chairman ACI Committee 622 


TUESDAY MORNING, OCTOBER 28 


Building Code Session— 
Raymond C. Reese, Chairman 


High Strength Steel and Cracking in Reinforced 
Concrete Members 


Georg Wastlund, Cement and Concrete 
Institute, Stockholm, Sweden 


Safety; Simple and Composite Bending 
Hubert Rusch, Technische Hochschule, 
Munich, Germany 

What's Coming in ACI Building Code Revisions 
Raymond C. Reese, Consulting Engineer, 
Toledo, Ohio 

Beam Creep and Deflection 
George E. Large, Ohio State University, 
Columbus 

New Grades of Reinforcing Steel and Status of 

Ultimate Strength Design 
George Winter, Cornell University, Ithaca, 
N.Y. 


Footings 
Paul Rogers, Consulting Engineer, Chicago 
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SCALE MODEL— 

DETROIT'S $54,000,- 

000 Cobo Hall and Con- 

vention Arena rapidly taking 

immense shape in the heart 

of the new Civic Center will no 

doubt attract attention of “sight- 
seeing” ACI members attending the 
regional meeting in Detroit, October 27-29. 


Cobo Hall, a giant rectangular building with 396,425 sq ft of floor space, is scheduled 
for completion May 1, 1960. The arena, with seating capacity for 14,000 plus 33 
smaller rooms for meetings ranging in attendance from 80 to 3000, and cafeteria to 
seat 1500, is to be finished Dec. 1 of the same year. 


The whole facility is located in the hub of Detroit's downtown hotel and shopping area. 
The roof of the exhibit area will serve as a parking lot and helicopter deck. Note that 
model pictured above shows exhibit portion spanning the Lodge Expressway. Com- 
pletion of the convention-exhibit building will round out Detroit’s great new Civic Center 


on the downtown riverfront. Designed by Giffels and Rosetti of Detroit; Darin and 
Armstrong, Inc., general contractor for the substructure; O. W. Burke Co., general 
contractor for the superstructure. 


Flat Slabs and Flat Plates for Industrial Buildings 
Alfred Zweig, Albert Kahn Associates, 
Detroit; Joseph DiStasio, Consulting Engi- 
neer, New York; J. Watts, Harley Ellington 
and Day, Detroit 


Special Finishes and Colors in Precast Concrete 
Wall Panels 


Will Saia, Precast Concrete Products Co., 
Royal Oak, Mich. 


Efficiency of Stationary Tilting Mixers 
John Winkworth, Winkworth Fuel and 
Supply Co., Detroit 
TUESDAY AFTERNOON, OCTOBER 28 


CONCURRENT SESSIONS 


Lightweight Slag Concrete 
D. W. Lewis, National Slag Association, 
Washington, D. C 
ACI Building Session— 
William Krell, Chairman 


Materials Session— 
Paul F. Rice, Chairman 


Heavy Media Separation of Aggreagte 
David A. Killins, Killins Gravel Co., Ann 
Arbor, Mich. 


Precast Roof—Film and Commentary 


William Krell, Portland Cement Association 
Detroit 
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Ar-hitectural Concepts 
Minoru Yamasaki, Yamasaki and Leinweber, 
birmingham, Mich. 


Design of ACI Building 


C. §. Whitney, Ammann and Whitney, 
Milwaukee and New York 


Construction Features 


ohn Strang, Pulte-Strang, Inc., Ferndale, 
Mich. 


WEDNESDAY MORNING, OCTOBER 29 
DEDICATION OF ACI HEADQUARTERS 
A. Allan Bates, Chairman 
Tour of ACI Headquarters Building, 9:30 to 

12:00 


epSeation Luncheon—Statler Hilton Hotel, 
12:3 


Guest Speaker, Robert F. Legget, National 
Research Council of Canada, Ottawa 


President McHenry to attend 

Structural Engineers’ conclave 
ACI Douglas McHenry 
represent the Institute at the 50th anni- 
celebration of the Institution of 
October 7-10, in 


President will 
versary 
Engineers, 
London, England. 


Structural 


ACI technical committee appoint- 
ments 


Listed below are committee members who 
have recently accepted appointment to ACI 
technical committees. 


Included are new 


appointments only. 


Committee 213, Lightweight Aggregate 
and Lightweight Aggregate Concrete 
J. A. Hanson 
Portland Cement Association 
Chicago, Ill. 
Committee 616, Coatings for Concrete 
C. A. Sentel 
National Bureau of Standards 
Washington, D. C. 
Committee 716, High Pressure Steam 
Curing 
William H. Kuenning 


Portland Cement Association 
Chicago, Ill. 


Los Angeles committee announces 
plans for 59 ACI convention 


Sam Hobbs, local chairman for the 55th 
annual convention of the American Concrete 
Institute to be held in Los Angeles, Feb. 
23-26, 1959, has announced preliminary plans 
and committee appointments for convention 
activities. Convention headquarters will be 
at the Statler Hilton Hotel. 

The general committee to correlate all 
local planning will include John McNerney, 
Portland Cement 


Association; Byron P. 





ATTENTION EXHIBITORS 


The local committee for the 55th ACI 
Annual Convention in Los Angeles, 
Feb. 23-26, 1959, will sponsor an 
exhibit in conjunction with the 
convention. 

Firms desiring to exhibit are requested 
to contact: 

Glen Thomas 

c/o Southern California Chapter 
American Concrete Institute 
Room 1058, 742 S. Hill St. 
Los Angeles 14, Calif. 











Weintz, Consolidated Rock Products; William 
F. Norton, Ceco Steel Products Corp.; C. 
Taylor Test, Riverside Cement Co.; Glenn C. 
Thomas, Thomas Concrete Accessory Co.; 
Lewis K. Osborn of Kistner, Wright and 
Wright; and Ross Adams of the Portland 
Cement Association. 

C. Taylor Test will serve as chairman of 
the entertainment and 
nounce later committee personnel in charge 


committee will an- 
of the ladies’ program and other social events 
planned for the convention. 

Glenn C. Thomas will head up the exhibits 
committee which is planning a large-scale, 
high quality exhibit of services and specialties 
in the concrete industry. 

Lewis K. Osborn will take over the hotel 
arrangements committee. 

The first two convention days will be 
devoted entirely to technical 
meetings and a session on ACI standards. 


committee 


The formal technical program will begin 
on Wednesday, February 25, with two sessions 


Continued on p. 10 
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Positions and Projects 





Paul F. Rice joins Concrete 
Reinforcing Steel Institute 

Paul F. Rice, formerly ACI technical 
director, recently joined the staff of the 
Concrete Reinforcing Steel Institute, Chicago, 
as assistant to Harry C. Delzell, managing 
He will engage in field and office 
work in the promotion and technical aspects 
of the use of 


dire ctor. 


reinforcing steel in concrete 
construction. 

Mr. Rice received his BS at North Dakota 
State College in 1941 and his MS at Massa- 
chusetts Institute of Technology in 1947. 

During World War II he served 42 months 
ina U. 8. Army aviation engineer battalion 
with 


responsibilities for building 


onstruction, labor and supply procurement, 


paving, 
ind earthmoving. He was discharged with 
the rank of captain in 1946. 

Mr. Rice’s professional experience includes 
structural detailing and shop inspection of 
fabricated steel, field inspection and labora- 
tory testing of concrete, structural design- 
ing, estimating, assistant instructor in 
lrafting, and 5 years as a structural field 
engineer for the Portland Cement Association. 
He joined the ACI staff as technical director 
n 1954. 

Active in a number of civic and professional 
Mr. Rice 

Improvement 
politan Detroit. 
Detroit 


groups, director of the 
Board of Metro- 
He is also a member of the 
chapter of Michigan 
Professional Engineers, American Society of 
Civil Engineers, and Construction Specifi- 
ation Institute. 


was a 
Concrete 


Society of 


He has been active in the 
Engineering Society of Detroit; MIT Alumni 
\ssociation of Detroit; and the Society of 
\merican Military Engineers, Detroit Post. 


Past president Moreell retires 

ACI past president Ben Moreell, chairman 
of the board of Jones and Laughlin Steel 
Corp., will retire as of Sept. 30, 1958. He 
will continue as director and a member of the 
executive committee of the board of directors. 

Retiring from active service in the 
Navy in 1946, Admiral Moreell joined Jones 
ind Laughlin channeling his energies into 


directing a $500,000,000 expansion program. 
He served Jones and Laughlin as chairman 
of the board, president and chief executive 
officer from 1947 to 1952; chairman of the 
chief executive until 
October 1957, and as chairman of the board 
since the latter date. 


board and officer 


During his nearly 30 years of naval service, 
Admiral Moreell 
become the 


rose from the ranks to 


only non-Annapolis graduate 





Historical Book Donated 
to ACI Library 


B. H. Armiger, Detroit ACI mem- 
ber, has kindly donated to the Harvey 
Whipple Library at ACI headquarters 
a copy of L. J. Mensch’s book, 
The Reinforced Concrete Pockel Book, 
copyright 1909. 

The staff 
pleased to learn from other members 
of books of similar historical 


headquarters would be 
interest 
which they might wish to contribute to 
the library. 











ever to attain the permanent rank of admiral. 
In recognition of his accomplishments for the 
Navy, Admiral Moreell has been awarded the 
Distinguished Service Medal with Gold Star; 
the Legion of Merit; the Order of the British 
Empire, Military Branch, Rank of Com- 
and the Medal of Honor and Merit 
from the Republic of Haiti. 

Admiral Moreell became a member of the 
Institute in 1930, a member of the board in 
February 1935, and president in 1941. He 
served 12 years on the Institute’s board of 
direction. 


mander; 


Benn establishes consulting firm 

Philippe A. Benn announces the establish- 
ment of his own practice under the name of 
Philippe A. Benn and Associates, consulting 
engineers, with headquarters in Montreal, 
Que., Canada. 

Mr. Benn is also executive vice-president 
of Integrated Consultants, Ltd., consulting 
process and mechanical engineers, Montreal. 
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"59 ACI convention 


Continued from p. 7 


running concurrently Thursday 


noon, to be followed by the final research 


through 
session on Thursday afternoon. California 
authors and speakers have been given a prom- 
inent part in the convention program. 
Entertainment and hospitality features 
being arranged for all convention attendants 
will include a 
hour and a trip to Disneyland on Friday, 
February 27. Several 
arranged for the ladies, including a get- 


Wednesday evening social 


events are being 
acquainted brunch early in the week and a 
lunch and special program at the Beverly 
Hilton Hotel on Thursday. 

As an added feature of the convention, 
the exhibits committee will hold a student 
competition with awards for models and 
other presentations depicting concrete de- 
signs and applications. 


St. Lawrence University 
receives Steinman grant 

Dr. David B. 
eminent bridge engineer, has made a grant 
of $10,000 to St. Lawrence University to 
establish Holton D. Robinson scholarships for 


Steinman, internationally 


student aid, in memory of his late partner, 

Dr. Robinson, who was an alumnus of St. 

Lawrence. 
The grant student 


recipient of a scholarship be asked to assume 


specifies that each 


a moral obligation to make repayment to 
the university when he can at any future 
time so as to help make the scholarship fund 
The underlying thought 
is to inculcate the spirit of giving to help 


self-perpetuating. 


successive generations of students. Dr. 
Steinman calls this ‘“‘a moral chain-reaction”’ 
of obligation and opportunity. 

To date, Dr. Steinman has made grants 
to more than 30 educational institutions, in 


an aggregate amount exceeding $400,000. 


Eskenazi opens consulting office 
Beno A. 


engineer, has opened his own office in Ville 
St. Laurent, Que., Canada. Mr. Eskenazi 
was formerly chief engineer at Henry Jansen, 
Ltd., in Montreal. 


Eskenazi, consulting structural 


September 958 


Cleveland Engineering Society 
plans construction conference 

Plans are being completed for the Cleveiand 
Engineering Society’s 1958 Construction Con- 
ference scheduled for Nov. 12 at the new 
Cleveland Engineering and Scientific Center 
in Cleveland. 

Theme for the all-day conference is ‘‘Con- 
struction Countdown” and _ will feature 
nationally known speakers discussing current 
problems in the fields of 
architecture, and engineering. 

Programs will be sent to interested persons 
who write to the society at 3100 Chester Ave., 
Cleveland 14, Ohio. 


construction, 


Basalt establishes 
consulting service 


The establishment of a new consulting 
service on the manufacture of plant cast, 
prestressed concrete products has been 
announced by A. G. Streblow, president of 
Basalt Rock Co., Napa, Calif. 

This service is designed to aid concrete 
manufacturers in entering this field. Con- 
sultants will cover every phase of the business, 
including such basic problems as plant design 
to satisfy marketing designs of particular 
areas, and selection of products and shapes 
to be manufactured. 


Proposed changes in pump and 
mixer standards studied 

Proposed changes in contractors’ pump 
standards and concrete mixer standards were 
discussed at the summer meetings of the 
Contractors Pump Bureau and the Mixer 
Manufacturers Bureau at Chatham, Mass. 

Further 
changes in the standards will be given at th: 
annual meetings of the bureaus in Chicago in 
December. Actions of the two bureaus on 
these changes will be subject to approval b) 
the Associated 
America. 

The mixer bureau also reviewed proposed 
changes in its standards and a special com- 
mittee was appointed to study the portion 
related to the 314 S type mixer. The bureau 
recently extended its standards to include 
plaster and mortar mixers, and is now con- 
sidering the feasibility of including concrete 
paving machinery. 


consideration of the proposed 


General Contractors ol 
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CARBO-JET added to 
concrete mix in the con- 
struction of Maryland 
Ave., near Newport, Del. 


The sixth major job on 
which CARBO-JET has 
been used by the Delaware 
State Highway Dept. 


CARBO-JET: The quick, efficient 


method to darken concrete 


CARBO-JET reduces glare, improves appearance of mixing time. There is no streaking, no color 
roads, walks, curbs, center islands, patios and driveways. variation. CARBO-JET does not affect the 
CARBO-JET is a specially formulated carbon air content of air-entrained concrete. 

black, dispersed in liquid form. It is by far the CARBO-JET cuts down the danger of glare. 
easiest, and most economical way tointroduce — Traffic markers stand out. 

gray-to-black shades in mortar and plain or _—Ice and snow melt faster; 

air-entrained concrete. It disperses faster than _— surfaces dry in less time. 

ordinary cement colors. Takes much: less Send coupon today. 


L. SONNEBORN SONS, INC. 
Building Preducts Division — 3.98 
404 Fourth Ave., New York 16, N. Y. 


Send information on CARBO-JET—the better way to 
darken concrete and mortar. 


a Also send FREE copy of your helpful 128-page Building 
Construction and Maintenance Handbook, 


CARBO-JET 


Sonneborn 


Since 1903 manufacturers of 
quality building products. 
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Announcing 
Johns-Manville PLACEWEL. 


A new liquid additive 
that improves concrete 
3 ways 


Successful usage in millions of yards of concrete has 
proved you save money and get better results at every 
stage when you add /iquid J-M Placewel to your mix. 
You get stronger, more durable concrete—at lower 
construction and maintenance costs. 


IN PLASTIC CONCRETE, PLACEWEL— 


eIncreases workability and placeability 
Reduces bleeding and segregation 
© Gives controlled air entrainment. 


IN HARDENED CONCRETE, PLACEWEL— 
Increases durability over 300% 
Improves strength and uniformity 
Reduces cracking, permeability, honeycombing and 
shrinkage. 
For complete technical data and assistance, and the 
name of the representative nearest you, contact 
Johns-Manville, Box 14, New York 16, N. Y. 


BEEEBEDE VL 


JOHNS-MANVILLE JV 


100 YEARS OF QUALITY PRODUCTS... 1858-1958 
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NEWS 


Nctional Construction Industry 
Conference scheduled in 
December 


( reative trends in urban building will be 
the theme of the fourth annual National 
Construction Industry Conference to be held 
n the Sherman Hotel, Chicago, on Dec. 10 
ll. 


Sponsors 


ind 
of the conference Armour 
Research Foundation of Illinois Institute of 
Technology, American Institute of Architects, 
\merican Society of Civil Engineers, Asso- 
iated General Contractors of America, and 
the Building Research Institute. 

The program will include some 16 papers 
lealing with structural 
ments, techniques as 


are 


new concepts, ele- 


and well as social, 
economic, political, and other forces influenc- 
ing modern construction. 

Inquiries concerning the conference should 
be addressed to conference chairman, R. T. 
Mijanovich, Armour Research 


10 W. 35th St., Chicago 16, Ill. 


Foundation, 


Munger joins Norwich 
University faculty 

Elmer L. Munger, formerly of the depart- 
ment of theoretical and applied mechanics, 
State Ames, accepted 
ippointment as professor of civil engineering 


lowa has 


College, 


ind head of the department at Norwich 


University, Northfield, Vt. 


Stone and Webster Engineering 
forms Netherlands subsidiary 
Webster Engineering Corp., 
Boston and New York, recently announced 


Stone and 
expansion of its foreign operations in Europe 
with the 
sidiary 


formation of a Netherlands sub- 
and a further integration of its 
British, French, and Australian subsidiaries. 
Both the British and French subsidiaries are 
active in the field of engineering and con- 
struction largely the petroleum and 
petrochemical industries throughout western 
Europe. 


in 


Driscoll promoted 
George C. 
engineering for the past 5 years at Lehigh 
University, has been named assistant pro- 


Driscoll, instructor in civil 


lessor effective next academic year. Joining 


LETTER 13 


the staff at Lehigh as a graduate assistant, 
he has taught elementary mechanics and a 
graduate course in research methods. 
capacity as 
Fritz 


In his 


assistant engineer of tests in 


Engineering Laboratory, Professor 
Driscoll supervises industrial testing work of 
the laboratory and the operation of large- 


scale fatigue testing facilities. 





LOOKING AHEAD 


Oct. 13-17, 1958—American Soci- 
ety of Civil Engineers, Annual 
Convention, Statler Hotel, New 
York, N. Y. 


Oct. 20-24, 1958—National Safety 
Congress and Exposition, Conrad 
Hilton and other hotels, Chicago, 
il. 


Oct. 23-25, 1958—National So- 
ciety of Professional Engineers, 
Fall Meeting, St. Francis Hotel, 
San Francisco, Calif. 


Oct. 27-29, 1958—American Con- 
crete Institute, Regional Meeting, 
Statler Hilton Hotel, Detroit, Mich. 


Nov. 12, 1958—Cleveland Engi- 
neering Society, 1958 Construc- 
tion Conference, Cleveland Engi- 
neering and Scientific Center, 


Cleveland, Ohio 


Nov. 18-20, 1958—American Stand- 
ards Association, Ninth National 
Conference on Standards, Hotel 
Roosevelt, New York, N. Y 


Dec. 7-10, 1958—American Institute 
of Chemical Engineers, Annual 
Meeting, Netherland Plaza Hotel, 
Cincinnati, Ohio 


Dec. 10-11, 1958—National Con- 
struction Industry Conference, 
Fourth Annual Meeting, Sherman 
Hotel, Chicago, Ill. 


Feb. 23-27, 1959—American Con- 
crete Institute, 55th Annual Con- 
vention, Statler Hilton Hotel, Los 
Angeles, Calif. 
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SRRSARARIER: PORT SMR 
Orlando William Irwin 


Orlando William Irwin died suddenly 
July 26 in Bangor, Me. At the time of his 
death Mr. Irwin was president of the Rail 
Steel Bar Association. 

Mr. Irwin was educated at Wooster College 
and Case Institute of Applied Science. His 
earliest experience was as a civil engineer 
with the Lake Shore Railroad. In 1911 he 
joined Truscon Steel Co. remaining there 
until 1935. 
Carnegie-Illinois Steel Corp. until 1946 when 
he left to become president of the Rail Steel 
Bar Association. 


He then became associated with 


His principal interest has been structural 
engineering and the advancement of rein- 
forced concrete. He was a charter member, 
holding various offices in the Concrete Rein- 
forcing Steel Institute. 
and was a president of the Steel Joist Insti- 


He helped organize 


tute, and also was active member and presi- 
dent of the reinforcing materials fabricating 
industry section of the NRA Code Authority, 
was chairman of the Concrete Bar Producers 
Committee for Defense Construction during 
the war, and an organizer and chairman of 
the American Iron and Steel Institute com- 
mittee on reinforced concrete research. 

Mr. Irwin had been a member of ACI 
since 1916 and was a life member of the 
American Society of Civil Engineers. At the 
time of his death Mr. Irwin was a member 
of ACI Committee 317, Reinforced Concrete 
Design Handbook. 


Norman M. Stineman 


Norman M. Stineman, an ACI member of 
28 years standing, died recently in Portland, 
Ore. 

Mr. Stineman received his civil engineering 
degree in 1911 from Ohio Northern Univer- 
sity. The 6 years following graduation were 
spent in the engineering department of the 
Chicago, Milwaukee and St. Paul Railway 
at Chicago, designing grain storage terminals, 
steel and concrete bridges, viaducts, and 
railway passenger and freight stations. 
During this period he was awarded the 
Octave Chanute bronze medal of the Western 
Society of Engineers for developing original 
and workable formulas for several types of 
engineering structures. 


September 


In 1917 he resigned his position as 
engineer of LaSalle Engineering Co., Chi 
to enter military service in World W 
While stationed in France he was eng 
officer in charge of construction of the 
repair yard at Nevers. 

In 1919, after a few months as 
draftsman of the Bureau of Bridges of the 
Indiana State Highway Department, Mr, 
Stineman joined the Portland 
For the next 10 years at PCA. 


Cement 
Association. 
he was in charge of special work on revision 
and preparation of city building regulations 
he also specialized in fireproof construction, 
bridge and dam design, structural effects of 
hurricanes and earthquakes. During 1929 
he assisted in drafting a new building code 
for New York City as a member of the New 
York Building Code Subcommittee on Rein- 
forced Concrete. 

Mr. Stineman became editor of Concret 
in 1930 and in this capacity spent the next 
13 years promoting the design and develop- 
ment of reinforced concrete. He resigned 
his editorship in 1943 to take up government 
work in Washington, D. C., with the Far 
Eastern Command during World War II 
He continued government work as a struc- 
tural engineer in Chicago after the war and 
was working with the Cook County Highway 
Department on the new freeways when he 
retired in 1955. 


Robert R. Shoemaker 


Robert R. Shoemaker, former chief harbor 
engineer of the Port of Long Beach and one 


of the harber’s builders, died recently at his 
home in Long Beach after an extended illness 

Following graduation from Purdue Uni- 
versity in 1920, Mr. Shoemaker became an 
employee of the Los Angeles Port and ad- 
vanced through the ratings of assistant 
structural engineer, structural engineer in 
charge of design, specifications and contracts 
engineer, and civil engineer and chief drafts- 
man. 

In 1940, Mr. Shoemaker was appointed 
chief harbor engineer at the Port of Long 
Beach and remained in that capacity until 
his death. Within the period of his service 
he saw the harbor grow in size and prominence 
among the ports of the world and personally 
played a major part in that growth. 
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Mr. Shoemaker’s professional activities 
‘re many, including the presidency of three 
jor engineering societies in California. He 
‘ld memberships in a number of professional 
wieties and had been a member of ACI 


George Dunton Youngclaus 


George Dunton Youngclaus, widely known 
in engineering and concrete construction 
circles on the West Coast, died on July 25 
at the age of 37 in Whittier, Calif. 

In the few years of his engineering career 
in the Los Angeles area he had gained an 
enviable reputation for ability and integrity. 
Specializing for the past 2 years in the field 
of prestressed concrete lift-slab construction, 
he had become vice-president of Western 
Concrete Structures Co., Inc., and had 
played an important part in the building of 
many modern and outstanding structures in 
which the company was engaged. 

His college career at the University of 
Colorado was interrupted by his entering 
the Army Air Force in 1943. However, 


following the war he returned to the univer- 
sity, graduating in 1947. For 2 years he 
was employed in an architectural office in 
Denver, moving to Los Angeles in 1949. 


Mr. Youngclaus then became a field 
engineer for the Portland Cement Association, 
Los Angeles district office, specializing in 
structural work. For the next 7 years he 
extended and developed his knowledge and 
experience in new structural types and was 
in demand for advisory and lecture work on 
prestressed concrete, thin shell, and lift-slab 
construction, and on other concrete structural 
problems. He left PCA in 1956 to join 
Western Concrete Structures. 


He became a member of the American 
Concrete Institute in 1948. He was an 
associate member of both the American 
Society of Civil Engineers and the Structural 
Engineers Association of Southern California. 
Through his firm, he had close association 
with the Prestressed Concrete Institute and 
as president of the Fire Prevention Research 
Institute, he engaged in the planning of 
fire tests to develop information on pre- 
stressed concrete. 





No more algebraic formu- 
las or calculations to make. 
Simply locate the table 
covering the member you 
are designing, apply span 
and load requirements, and 
then read off directly con- 
crete dimensions and rein- 
forcing steel data. Follows 
the latest codes and prac- 
tices. Send check or 
money order for your copy, 
today. 


Prepared by The Committee 
on Engineering Practice 


CONCRETE 


NEW EDITION! 


Completely.revised to conform to the recently 
amended A.C. |. BUILDING CODE 


REINFORCED CONCRETE 
DESIGNS — 
ALL WORKED OUT! 


OVER 450 PAGES 
$600 
POSTPAID 


10-Day, Money-Back Guarantee 
Ne C.O.D. Orders 


REINFORCING STEEL INSTITUTE 


38 S. Dearborn St., (Div. J) Chicago 3, Illinois 
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Concrete sets faster, tests stronger, requires less cold weather protection. 


Columbia Calcium Chloride 


KEEPS HOT SCHEDULES FROM COOLING OFF 


Hot job schedules and falling tempera- 
tures used to turn contractors’ hair snow- 
white overnight. Barbers and wives re- 
port this isn’t nearly as great a problem 
today. News of Columbia Calcium Chlor- 
ide has gotten around. 

Even at 40° and below (not so far 
away now) concrete averages three times 
faster on both initial and final set when 
Columbia Calcium Chloride treated mix 
is used. There’s something about this 


unique chemical agent that just warms 
up to chilly weather. 

You meet strength specs days ahead, 
pull forms for other jobs, get finishers 
on and off the site without profit-killing 
overtime. Right now is the perfect time 
to analyze your batching procedures, or 
to talk to your ready mix suppliers. 

Write today for your free copy of 
Year Round Concreting to our Pittsburgh 
address or any district office. 


COLUMBIA-SOUTHERN CHEMICAL CORPORATION 


A Subsidiary of Pittsburgh Plate Glass Company 
One Gateway Center, Pittsburgh 22, Pennsylvania 


DISTRICT OFFICES: Cincinnati, Charlotte, Chicago, Cleveland, Boston, New York 
St. Louis, Minneapolis, New Orleans, Dallas, Houston, Pittsburgh, Philadelphia 


San Francisco. IN CANADA: Standard Chemical Limited 








Who’s 


ACI Committee 613 


“Proposed 


Who 


Recommended Practice for 
Selecting Proportions for Structural Light- 
weight submitted by the Sub- 
committee Proportioning Lightweight 
Aggregate ACI Committee 613, 
appears on p. 305. 


Concrete,”’ 
on 
Concrete, 


J. J. Shideler, Portland Cement Association, 
Chicago, is chairman of the subcommittee 
with Robert K. Duey, consulting engineer, 
Gaithersburg, Md.; Frank Erskine, Expanded 
Shale, Clay and Slate Institute, Washington, 
1). C.; Richard J. Frazier, Anchor Concrete 
Products, Inc., Buffalo, N. Y.; and Fred 
Hubbard, Standard Slage Co., Youngstown, 
Ohio, serving as committee members. 


The late Henry L. Kennedy, formerly as- 
sociated with the Dewey and Almy Chemical 
Co., Cambridge, Mass.; Thomas B. Kennedy, 
Waterways Experiment Station, Corps of 
Engineers, Jackson, Miss.; George H. Nelson, 
Law Engineering Testing Co., Atlanta, Ga.; 
and Carl M. Rollins, Basalt Rock Co., Inc., 
Napa, Calif., also served as members of the 
subcommittee preparing this report. 


Balance of the committee was comprised of 
B. c Hydro-Electric Com- 
mission of Ontario, Toronto, Ont., Canada; 
L. A. Thorssen, Herculite Light Weight 
Aggregates of Canada, Ltd., Calgary, Alta., 
Canada; Stanton Walker, National Ready 
Mixed Concrete Washington, 
1). C.; Cedric Willson, Texas Industries, Inc., 
Fort Worth, Tex.; and Paul M. Woodworth, 
Waylite Co., Chicago, Ill. 


W. A. Cordon, Utah State Agricultural 
College, Logan, is chairman of ACI Com- 
mittee 613, Recommended Practice for 
Proportioning Concrete Mixes, of which this 
subcommittee is a unit. 


Ross, Power 


Association, 


Subcommittee Vill, ACI 
Committee 325 


Report of Subcommittee VIII, ACI Com- 
mittee 325, on “Design of Concrete Overlays 
for Pavements”’ is on p. 315 of this issue. 


LETTER 


This Month 


M. Portland Cement 
ciation, Chicago, is chairman of the sub- 
committee with Henry A. Aaron, Wire Rein- 
forcement Institute, Washington, D. C., and 
L. A. Palmer, Bureau of Yards and Docks, 
Department of the Navy, Washington, D. C., 
serving as committee members. 


Leo Arms, Asso- 


E. A. Finney, Michigan State Highway 
Department, East Lansing, is chairman of 
ACI Committee 325, Structural Design of 
Concrete Pavements for Highways and 
Airports, which now has eight subcommittees 


functioning. 


Boris Bresler and K. S. Pister 


“Strength of Concrete Under Combined 
Stresses’’ on p. 321 was coauthored by Boris 
Bresler and K. 8. Pister. 

Boris Bresler is a faculty member at the 
University of California, Berkeley, in the 
capacity of professor of civil engineering and 
assistant dean in charge of graduate study, 
department of engineering. Professor Bresler 
graduated from the University of California in 
1941, receiving his MS in aeronautical engi- 
neering from the Institute of 
Technology in 1946. 


California 


Following graduation in 1941, he engaged 
in engineering work with Kaiser Shipyards, 
Inc., Richmond, Calif., and Consolidated 
Aircraft Corp., San Diego, through 1945. 
He then returned to the California Institute 
of Technology, graduate 
fellow. In 1946 he joined the faculty at 
the University of California. 


Pasadena, as a 


Professor Bresler is a member of ACI- 
ASCE Committee 326, Shear and Diagonal 
Tension, and alternate member of the 
Reinforced Concrete Research Council. 

K. 8. Pister received a BS in civil engi- 
neering from the University of California, 
served in the U. 8. Navy Civil Engineer 
Corps, and in 1946 returned to the University 
of California for graduate work. Receiving 
his MS in 1948, he served as lecturer and 
instructor in theoretical and applied me- 
chanics at the University of Illinois, while 


an 
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»»- consider concrete reinforced with 


WELDED WIRE FABRIC 


Whenever construction calls for con- 
crete, it usually pays to reinforce it 
with Welded Wire Fabric. Many con- 
tractors make extra sales to owners by 
carrying a few rolls of CFaI Clinton 
Welded Wire Fabric to the construc- 
tion site. A short explanation of how 
Welded Wire Fabric substantially in- 
creases the life and appearance of con- 
crete convinces many builders to choose 
reinforced concrete. 

Concrete reinforced with Clinton 
Welded Wire Fabric has far greater 
strength than an unreinforced slab. It 
has higher resistance to the heaving, 


WHEN THEY ASK... 


"yt 


contraction and expansion caused by 
sudden temperature changes. If a crack 
should develop, the fabric holds it 
tightly in check, preventing moisture or 
earth from entering and expanding it. 

Clinton Welded Wire Fabric is read- 
ily available, in all popular sizes and 
lengths in both the East and West. 
So, before you pour, consider rein- 
forcing concrete with Clinton Welded 
Wire Fabric. The slight additional 
cost of reinforced concrete is more 
than offset by its longer life, more 
attractive appearance and minimum 
maintenance costs. 


CLINTON® 


WELDED WIRE FABRIC 
THE COLORADO FUEL AND IRON CORPORATION 5694 


THE COLORADO FUEL AND IRON CORPORATION—Albuquerque * Amarillo * Billings * Boise * Butte + Denver * Ei Paso 
Ft. Worth * Houston * Kansas City * Lincoln (Neb.) * Los Angeles * Oakland * Oklahoma City * Phoenix * Portland * Pueblo 
Salt Lake City * San Francisco * San Leandro * Seattle * Spokane * Wichita > WICKWIRE SPENCER STEEL DIVISION: 
Atlanta * Boston * Buffalo * Chicago * Detroit * New Orleans * New York + Philadelphia * CF&l OFFICES IN CANADA: 
Montreal * Toronto » CANADIAN REPRESENTATIVES AT: Calgary * Edmonton * Vancouver * Winnipeg 
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p irsuing graduate work in that department. 
le received his PhD in 1952. 

Dr. Pister then rejoined the faculty of the 
Lniversity of California where he has 
s,ecialized in structural mechanics. 


Edward K. Rice 


“Economic Lift- 
Slab Construction”’ on p. 347 was submitted 
by Edward K. Rice, partner in the consulting 
engineering firm of T. Y. Lin and Associates, 
Van Nuys, Calif. 

Mr. Rice received both a BS and MS from 
the University of California at Berkeley 
and was a lecturer in engineering at the 
University of California in Los Angeles for 
several years. 


Factors in Prestressed 


Until recently he was partner and chief 
engineer of Western Concrete Structures Co. 
In this capacity he was responsible for the 
development of many new techniques in 
prestressed concrete lift-slab construction. 

Mr. Rice has served on a number of 
committees including the task 

of ACI Committee 323, Pre- 
stressed Concrete Institute committee on fire 
testing, PCI Double Tee Standardization 
Committee, and is chairman of the PCI 
Diaphragm and End Block Committee for 
Prestressed Concrete Bridges. 


technical 
committee 


J. E. Backstrom, R. W. Burrows, 
R. C. Mielenz, and V. E. Wolkodoff 


Messrs. Backstrom, Burrows, Mielenz, and 
Wolkodoff now present the third part of the 
four-part paper on “Origin, Evolution, and 
Effects of the Air Void System in Concrete”’ 
on p. 359. 

Part 3 is entitled “Some Factors Influencing 
Size and Spacing of Air Voids in Concrete and 
Their Effect on Freezing and Thawing Dur- 
ability.”’ Part 1 was published in the July 
1958 ACI JourNnaL; Part 2 appeared in the 
August issue. 

Biographical sketches on these authors 
appeared in the July and August issues. 


Harold Samelson and Abba Tor 


“Stresses in Reinforced Concrete Sections 
Subject to Transient Temperature Gradients”’ 
on p.,377 is the joint contribution of Harold 
Samelson and Abba Tor. 


Mr. Samelson received his BS in civil 
engineering in 1944 from the College of the 
City of New York. Following graduation 
he worked for the Armour Research Founda- 
tion in the field of applied mechanics and did 
postgraduate work in that field at the Illinois 
Institute of Technology. 

After leaving the foundation, Mr. Samelson 
worked for Sargent and Lundy, Chicago, and 
Sanderson and Porter, New York, designing 
heavy reinforced plant 
structures. 

In 1950 he joined Ammann and Whitney 
where he is currently employed as assistant 
structural engineer. 
mainly in bridges and special structures. 

Abba Tor graduated from the Israel 
Institute of Technology, Haifa, in 1946; he 
received his MS in 1953 from Columbia 
University. 

Between 1946 and 1950 he was employed 
as structural designer and field supervisor 
with engineering and architectural firms in 
Israel. From 1950-53 he worked as structural 
engineer for James Ruderman, consulting 
engineer, New York, where he was engaged in 
design of multistory buildings and 
toriums. 

In 1953, Mr. Tor became a partner in a 
consulting engineering firm in Tel Aviv, 
Israel, specializing in the design of rein- 
forced concrete structures. 

Returning to the United States in 1957 he 
joined the Ammann and Whitney staff in the 
special structures department, where he is 
currently engaged in the design of large span 
reinforced concrete structures. Mr. Tor 
has been an ACI member since 1950 and is 
an associate member of ASCE. 


concrete power 


His experience has been 


audi- 


J. A. Hanson 


J. A. Hanson, development engineer in the 
Products and Applications Section, Portland 
Cement Association, Chicago, is author of 
the article, “Shear Strength of Lightweight 
Reinforced Concrete Beams,’ p. 387. 

Mr. Hanson graduated from the University 
of Colorado Engineering School in 1939. 
After approximately a year with the Inter- 
national Boundary Commission on flood 
control projects in Texas, he returned to 
Denver to work for the U. 8S. Bureau of 
Reclamation. For the following 6 years he 
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was attached to the dams design division of 
the bureau. In this capacity he was partic- 
ularly concerned with the study of the struc- 
tural behavior of large concrete dams as de- 
termined by field measurements of strain, 
stress; deflection, and temperature. 

In 1947, Mr. 


the structural research section of the reclama- 


Hanson was transferred to 


tion laboratories. In this section his work 
involved study of triaxial strength of con- 
crete and rock materials, creep properties of 
these materials, and laboratory investigation 
of special design problems. 

Leaving the Bureau in 1953, he spent 2 
years in the Hawaiian Islands as head of the 
engineering department of Terminal Steel 
Co. In 1955 he returned to the mainland 
and joined the staff of the Portland Cement 
Association. 

Mr. Hanson has been a member of ACI 
since 1947 and is a member of ACI Committee 
213, Properties of Lightweight Aggregates and 
Lightweight Aggregate Concrete. 





Errata 


The following correction should be made 
in ‘“‘Tentative Recommendations for Pre- 
stressed Concrete,’ reported by ACI-ASCE 
Committee 323, which the 
January, 1958, JouRNAL. 

p. 560—Section 209.2.3(b), the first 6b in 
the equation should be b’. 


appeared in 


* * * 


The following correction should be made 
in “Origin, Evolution, and Effects of the Air 
Void System in Concrete. Part 2 
of Type Amount of Air-Entraining 
Agent,”’ by James E. Backstrom et al., which 
appeared in the August, 1958, JouRNAL. 

p. 271—First line of type above Fig. 6 
should read in part, ‘‘Fig. 6 shows the cor- 
relation between Z and ‘ 


Influence 
and 


* * * 


The following correction should be made 
in ‘‘Recommended for Design of 
Concrete Pavements (ACI 325-58),’’ reported 
by ACI Committee 325 in the July, 1958, 
JOURNAL. 

p. 39 


Practice 


Eq. (13) should read: 


2f. A,’ 7 
= ——— + 3 in. 
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September 1 


Prestressed Concrete Institute 
to convene in Chicago 

The annual meeting and convention of 
Prestressed Concrete Institute be | 
September 21-25 in Chicago, with h« 
quarters at the Edgewater Beach Hotel. 


will 


Program sessions will cover marketing 
sales of prestressed concrete; handling, tra 
portation, and erection techniques; groutii 
draping strands; specifications and inspecti: 
long span structures. There will also be an 
exhibit of material and equipment relating 
to prestressing. 


Tigrak to practice in United States 

Dr. M. Fuat Tigrak, formerly of Ankara, 
Turkey, is now an associate in the firm of 
Clark, Daily and Dietz, consulting engineers, 
Urabna, Ill. He has been an ACI member 
since 1944. 


National Colorcrete 
Advisory Board formed 
To serve the concrete products industry and 
Colorcretors throughout the nation, the 
National Colorcrete Advisory Board has been 
established, according to a recent announce- 
ment by Russel C. Reeve, executive secretary. 
The group will assist in researching new 
developments and establishing quality control 
standards for the Colorcrete industry. Head- 
quarters are in Chicago. 


Livesay named manager 
of Spanblok division 

Harvey R. Livesay, Jr., has been named 
manager of the Spanblok division of Pre- 
stressing, Inc., San Antonio, according to a 


recent announcement by the 


president, James J. Mennis. 


company 


Mr. Livesay graduated from the U. §&. 
Military Academy and served 6 years in the 
Corps of Engineers. Later he received his 
MS in civil engineering from the University 
of Texas and 
engineer with Prestressing Research 
Development, Inc., San Antonio. 


was recently a_ structural 


and 


He is a member of ACI as well as the 
American Societ) of Civil Engineers and the 
National Society of Professional Engineers. 
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This is to Certify that 
Johu Smith 


tia 
Member 
this institute and fully entitled to the privileges 
y froivites 
granted by its Charter and Bylaws 








Secretar y- Treasurer 


Zate of membership: futy 4, 1952 





Above is shown the membership certificate now available to all interested 
members. (Student members become eligible for certificates when they ad- 
vance to one of the higher membership grades.) The actual certificate is 
10 x 12 in. on parchment paper suitable for framing. 

Return this order form together with your remittance—to avoid the added 
expense of billing—and your certificate will be mailed to you. Please allow 
90 days for preparation of the certificate. 


Please accept my order for a membership certificate at the price of $2.00. 
C] Check ] M.O. Enclosed 


My name is to appear exactly as follows: 





(Print or type) 


Signature. 











Mackinac Bridge, Michigan 

Owner: Mackinac Bridge Authority 

Consulting Engineer: Dr. D. B. Steinman 

Associate Consultant: Glenn B. Woodruff 

Substructure Contractor: Merritt-Chapman & Scott Corp. 


Superstructure Contractor: American Bridge Div. 
U.S. Steel Corp. 


Mackinac Bridge... 
POZZOLITH* Employed 
in Lightweight Concrete 

| in the Deck 
to Improve Workability 
and to Reduce Shrinkage 


*POZZOLITH—Master Builders trademark for its time-tested water-reducing, 
air-entraining admixture for concrete. 


DIVISION OF AMERICAN-MARIETTA CO 


( ‘b He MASTER BUILDERS co. 
" 


General Offices: Cleveland 3, Ohio * Toronto 9, Ontario * Export: New York 17,N Y 
Branch Offices In All Principal Cities © Cable: Mastmethod, N. Y 
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Honor Roll 


January 1—August 31, 1958 


Eighty-four institute members appear on this 
month's Honor Roll, with the top three “member- 
getters” in the same order as last month. Each 
month the Honor Roll lists individuals who have in- 
vited their associates to join the Institute. 


Blas Lamberti 
Joseph J. Waddell 
Phil M. Ferguson 
James A. McCarthy 
L. M. Legatski 

Ernst Maag 

H. C. Pfannkuche 
Jerome M. Raphael 


Ernest L. Spencer 
Moises Bendahan 


Frank E. Legg, Jr. 
Douglas McHenry 
John B. Porter 


Jaime de las Casas 
Carl E. Ekberg, Jr. 
Aleck S. Evans 


Daniel S. Ling 
George A. Mansfield 


Byron P. Weintz 
William M. Avery 
Robert B. Banning 
Nicandro Jose Barboza 
Luther E. Bell 


Massimiliano R. Berretti. . 
Carlos D. Bullock... 
Vincent R. Cartelli 

Miles N. Clair 

W. L. Collier 

W. S. Cottingham 
Lancelot A. Fekete 

Lovis A. Gottheil 


Thomas C. Kavanagh 


Carl O. Knop 

E. Vernon Konkel 
George Kurio 

James R. Libby 

Ciceron Hiedra Lopez 
William McGuire 
Bryant Mather 

Frank B. May 

James A. Murray 
Wendell H. Nedderman 
Abdur Rahman S. Rasul 
Clarence Rawhauser 
Herbert Rusk 

Francesco Sardella 
George Shervington 
Otis D. Small 

Donald L. Strange-Boston 
Ferruh Taskin 


CONCRETE 
TESTERS 


The World's Finest 
Low-Cost 
Precision Testers 


For 


CYLINDERS 
CUBES 
BLOCKS 
BEAMS 
PIPE 


TESTER 
iF IT'S A CONCRETE 
YOU NEED-GET IN TOUCH WITH 


FORNEY'’S, Inc. 


TESTER DIVISION 
P.0.BOX 310 . NEW CASTLE, PA. 
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Oscar J. Vago.... 
Ellis S. Vieser..... 
Jose Antonio Vila 
Ivan A. Villamil 

M. R. Vinayaka. . 
Tsu-ming Yang...... 


New Members 


The Board of Direction approved 69 Individual 
applications, 4 Corporations, 14 Juniors, and 6 
Students, making a total of 93 new members. 
Considering losses due to deaths, resignations, and 
nonpayment of dues, the total membership on Aug. 1, 
1958, was 9561. 


Individual 


Atvis, Wrrr C., Jr., Richmond, Va. (Design, Est. & 
Supv., W. C. Alvis Contractor) 
Amaya, Oswa.po, Caracas, Venezuela (C. E., Com- 
pania Shell de Venezuela Ltd.) 
Arni, Howarp T., Washington, D. C. (Matls. Engrs., 
NBS) 
Harry F., Denver, Colo. (Matls. Engr., 
) 


Barser, James, Victoria, B. C., Canada (Dir., Engrg. 
& Insp., G. 8. Eldridge & Co., Ltd.) 

Barratt, H. J., Vancouver B. C., Canada (Cons. 
Engr., Phillips, Barratt & Partners) 

Beckiey, Samvuet R., Mansfield, Ohio (Engr., The 
R. G. Beer Corp.) 





Lower Cost 


Flexible 
POST TENSION CASING 


(Wide Profile) 


ECONOFLEX 


Ask for Bulletin U-100WP 


Universal 
lag els maen 


2101 S. Kedzie Ave., Chicago 23, Ill. 
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Bei, Rosert WarTsoNn, Belleville, Bridgetown, Bart 
dos, B. W. I. (Design & Constr., small civil eng 
works & housing) 

Binks, ANTHONY Perer, Bramhall, Cheshire, Englar 
(Head, Soil Mechanics & Concrete Lab., Simo 
Carves Ltd.) 

Brown, Carrout L., Tacoma, Wash. (Partner, Brov 
& Sleavin, Prof. Engrs.) 

CamMPBELL, Dr. Gorpon D., Ottawa, Ont., Cana 
(Dir. of Tech. Services, The Library, Canadia 
Good Roads Association) 

Cuen, T. Y., Hanover, N. H. (Assoc. Prof. of Civ 
Engrg., Thayer School of Engrg., Dartmout 
College) 

Cuow, Epwarp, Vancouver, B. C., Canada (Partn« 
& Chf. Engr., Dunsmuir Constr., Ltd.) 

Davis, Lesuie R., Chicago, Ill. (Tech. Service Engr 
Medusa Portland Cement Co.) 

Donner, Noau J., Calverton, N. Y. (Retired P. I 

Durree, Raymonp F., Lansing, Mich. (Asst. to Road 
Constr. Engr., Mich. State Hwy. Dept.) 

Eastman, Jutius D., 8S. Ozone Park, N. Y. (Struct 
Engr., (Foundations) N. Y. Dist. Corps of Engrs 

Enstow, Joun T., Park Forest, Ill. (Arch., Housing & 
Cement Products Bur., PCA) 

Fersuscnu, Hans A., San Francisco, Calif. (Engr 
Ben C. Gerwick, Inc.) 

Genpron, Micnet, Quebec City, Canada (Prof. of 
%/C, Laval University, Faculty of Sciences) 

Haut, Ivan, Ephrata, Wash. (Struct. Engr., USBR) 

Haut, Trevor W., Clawson, Mich. (Vice-Pres. & Gen. 
Mgr., Panel Engrg. Corp.) 

Haynes, M. A., Niagara Falls, Ont., Canada (Sr 
Draftsman, H. G. Acres, Ltd.) 

Henry, V. L., Jr., Falmouth, Mass. (Constr. Supt., 
Blount Bros. Constr. Co.) 

Heprenstauy, C. W., Delray Beach, Fla. (Inventor) 

Hosss, M. H., Silver Spring, Md. (Chf. Struct. Engr., 
Mills, Petticord & Mills, Archs. & Engrs.) 

Hore.ot, Henry, New York, N. Y. (Partner, Weiskopf 
& Pickworth) 

Hoitmes, Oscar C., Redwood City, Calif. (Pres 
Oscar C. Holmes, Inc.) 

Houzman, Lewis H., Framingham, Mass. (Struct. 
Design, Fay, Spafford & Thorndike, Inc.) 


Jerr, Georce B., Memphis, Tenn. (Consulting, Struct.) 


Kasnetsis, Joun G., Covina, Calif. (Hunt Process Co., 
Inc.) 

Kaytor, Harry, Broadstairs, Kent, England (Cons. 
Engr., Kaylor-Pick) 

Lambert, James M., Huntington, W. Va. (Struct. 
Engr., Corps of Engrs.) 

Leaev, Vicror Francis, Dearborn, Mich. (Asst. 
Struct. Dept. Head, Giffels & Rossetti, Archs. & 
Engrs.) 

Lomwe.te, Puiwirre, Valleyfield Co., Beauharnois 
Canada (Cons. C. E.) 

Mavcoum, Viraeit L., Oakland, Calif. (School Constr 
Insp. for State, Acalanes Union High School Dist.) 

Martuews, Rosert J., Montreal, Que., Canada (Sales 
Engr., W. R. Grace & Co. of Canada Ltd.) 

Martruews, Ivor W., Hamilton, Ont., Canada (Batch- 
ing Plant Mer., Pigott Constr. Co., Ltd.) 

McCoy, Prerer J., Lynbrook, L. I., N. Y. (Chf. C. E., 
Burns & Roe, Inc.) 

McGoveu, J. H., St. Paul, Minn. (Engr., M. J. 
McGough Co.) 

Mepio, Josern J., Collingswood, N. J. (Designer, 
David Bloom) 

Mernke, Ricnarp F., Elyria, Ohio (Engr., Design, 
Detailing & Field Supv., Concrete Masonry Corp.) 

Mitie, Henry, Orlando, Fla. (Struct. Engr.) 

Murraza, 8. G., Karachi, Pakistan (Cons. Engr.) 

Navoa, Amapo B., San Francisco, Calif. (C. E., Proj. 
Engr., Vinnell Corp. of Calif.) 

Newuin, Wituiam B., San Juan, Puerto Rico (Areh., 
Caribbean Enterprises Corp.) 

Nisuimura, Katsvyoss!, Waipahu, Hawaii (Constr. 
Management Engr., Dist. Pub. Wks. Office, 14th 
Naval Dist.) 

Nye, Ep. F., Bryan, Texas (Chf. Struct. Engr., Partner 
Caudill, Rowlett & Scott, Archs. & Engrs.) 

Ornstein, Frep, Bridgeport, Conn. (Matls. Engr., 
Hwy. Engr., Edwards & Keleey) 

Pacneco-Gampoa, Fernan, Ann Arbor, Mich. (Stud., 
Univ. of Mich.) 

Remeert, Anpre, Paris, France (Cons. Engr.) 

Roserts, B. G., Birmingham, Ala. (Sales Engr., 
Alabama Cement Tile Co.) 
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[> » yAN FIELD PROVEN ECONOMY 


in all phases of Concrete Placement! 


PROTEX Dispersing Agent... 


PDA increases strength age through water reduction and 
cement dispersion, i weg ‘lth the desirable characteristics of 
concrete, giving a “live” concrete with protection against “hot 
weather" slump toes and segregation—aliows the placing of con- 
trolled durable air entrained concrete without plastic shrinkage 
cracks. PDA is a selective initial retarder—retarding only the initial 
- \eyi ee —-— 7 ype and oe time (not 
rm s ng time it gives no reta ion in winter 
conection — thas year around benefits are obtained with “all 
season” PDA. 
packaged ine durable beg ‘i tain te Proven, Dependable, Adaptable 
you in convenient powder - +» easily mixed and : 
ispensed j ine i . 4 Proven in the field . . . PDA insures the successful 
“ upen ol ogy Spe Sais oe and cqmnenteat placement of better quality 
concret. 
Dependable—YES! Proof positive from Govern- 
ment and private projects. Also bocked by the 
world-known and world-respected PROTEX name! 
Adaptable to any need... PDA improves any 
Pre-stressed, Slip-form, Light-weight, Tunnel- 
lining, Tilt-up or Lift-slab concrete project! 
PDA's basic material is purified and desugared 
having been field tested and proven over past 
yeors giving you all the well known benefits — 
greatest water reduction — cement dispersion — 
maximum workability and durability — plus 
PROTEX economy and reliability. 


FOR BETTER AND MORE ECONOMICAL PLACEMENT OF CONCRETE, 
SPECIFY AND USE PDA... FROM THE MAKERS OF PROTEX! 


| Pieces send new, geen FREE booklet "PDA - Protex . 
This is the Breed Piunt of the Indiana-Michigan Electric 
Company at Sullivan, indiana, where over 55,000 cv 
yds of concrete with PDA are being successfully placed. 


AUTOLENE LUBRICANTS COMPANY 


& Research Division 


DENVER 9, COLORADO 
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A Simple Way to 
EXPOSE CONCRETE 
AGGREGATE 


... Use RUGASOL 


You will find that exposing concrete aggregate with Sika 
Rugasol is simple because it eliminates the need for 
costly chipping, hacking or sandblasting. There are 

two types of Rugasol: 

RUGASOL F ... is painted directly on formwork. When 
forms are stripped (in 2 to 5 days), the retarded mortar is 
removed with a jet of water or stiff brush. 

RUGASOL C ... is applied on the surface of freshly placed 
concrete. On the following day, the retarded surface 
mortar is removed with a jet of water or stiff brush. 

For complete information on Rugasol, call or write for 
Bulletin RG-58. 


SIKA CHEMICAL CORPORATION 


PASSAIC + NEW JERSEY 


DISTRICT OFFICES: ATLANTA * BOSTON © CHICAGO © DALLAS © DETROIT © NEW ORLEANS 
SALT LAKE CITY * WASHINGTON, D.C. — DEALERS IN PRINCIPAL CIT 


. . 
1ES ——. AFFILIATES AROUND THE WORLD 
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touke, WituiaM J., Detroit, Mich. (Enco Engrg. Co.) 
turn, Leo W., Jr. San Jose, Calif. (Gen. Partner, 
Ruth & Going, Civil Engrs.) 

SAARMAN, Pavut, San Francisco, Calif. (Sr. 
Supv., John Lyon Reid & Partners) 

sapowskI, Vicror F., Plainview, L. I., N. Y. 
Designer, Burns & Roe, Inc.) 

tr. Germatin, Ropert P., Seattle, Wash. (Partner, 
St. Germain & Pittsenbarger, Struct. & Civil Engrg.) 

SANDHU, r 8., New Delhi, India (Sr. Design Engr., 
Punjab Gov't., Pub. Wks. Dept., Irrigation Br.) 

3CHADAN, KonstantTIN, Caracas, Venezuela (C. E., 
Dpto. Servicios de Ingenieria, Compania Shell de 
Venezuela) 

Scuwartz, Bernarp, Philadelphia, Pa 
Engr.) 

Smita, Rosert W., Toronto, Ont., Canada (Assoc., 
Design & Proj. Engr., T. O. Lazarides & Assoc., Ltd.) 

SuuttivaN, Joun, Estevan, Sask., Canada (Sullivan 
Steel Erectors) 
Swenson, Witrrep H., Great Falls, Mont. 
reaper, Morton, New York, N. Y. (Tech. 
Mer., Reichard, Coulston, Inc.) 
['vILsTeGaAARD, JorGEN, Minneapolis, Minn. 
Engr., Thorshov & Cerny, Engrs. & Archs.) 
WELErr, fassit, Detroit, Mich. (Struct. 
Albert Kahn Associated) 

Wivensky, Y., Haifa, Israel (Lecturer, Israel Inst. of 
Tech.) 

Witiiams, Davin E., Jr., San Antonio, Texas (Struct. 
Engr.) 

Youne, 
Dept. 


Constr. 


(Struct. 


. (Cons. Struct. 


Service 
(Struct. 


Engr., 


Leonarp R., Idaho 


of Hwys.) 


Jerome, (Insp., Idaho 


Corporation 


CaNnaDIAN Brown Street Tank Co., Lrp., Brandon, 
Man., Canada (W. W. Fotheringham, Pres.) 

Ripeeiire Propucts, Inc., Los Angeles, Calif. (Robert 
Planich, Sales Mar.) 

Vinas & Lopez, Santurce, 
Rahirez, Partner) 

Woop, Wire & Merat Latuers INTEPNATIONAL 
Unton, New York, N. Y. (John Sheldon, Supt., 
Reinforced Steel) 


Puerto Rico (Jorge Lopez 


Junior 


Biwer, Nick J., Westport, Mass. 
& Wesbter Engrg. Corp.) 

CaRRILLO, Fiores, Micvet ANGEL, 
Mexico (P. G. Stud., Lehigh Univ.) 

Cuarron, Jean Marie, Pont Rouge, Que., Canada 
(Asst. Prof. of Struct. Engrg., School of Engrz., 
Univ. of Sherbrooke) 

Devine, Ricnarp W., 
Leland W. Cook) 

Gao, Vicrorto B., Harrisburg, Pa. (Struct. Designer, 
Glace & Glace, Inc.) 

Genrets, Georce Manvat, Bananera, Guatemala 
(C. E., in Trng. United Fruit Co.) 

Hutreuist, J. Kerra, Muscatine, 
Designer, Stanley Engrg. Co.) 

Jounson, Joun E., Detroit, Mich. 
Detroit Edison Co.) 

Kenney, Autan R., Coral Gables, Fla. 
Johns-Mansville) 

Rosquette, ANTONIO LORENZO, 
(Hydraulics) 

Mercapo, Leanpro Y., Olympia, Wash. 
Engr., State Hwy. Dept., Bridge Div.) 

Rewart, Irwar, Winnipeg, Man., Canada (Design 
Engr., Templeton Engrg. Co.) 

Soypemir, Cetin, Cambridge, Mass. (C. E., 

Main, Inc.) 

Woops, Joun Josern, 

Heald Engrg. College) 


(Office Engr., Stone 


Torreon, Coah, 


Sewickley, Pa. (Draftsman, 


lowa (Struct. 


(Struct. Engr., 


(Sales Engr., 
Caracas, Venezuela 


(Jr. Bridge 


Charles 


San Francisco, Calif. (Stud., 


Student 


Hayek, Sanin, Istanbul, Turkey (Robert College) 

LeumMann, Cuester F., Jr., Buffalo, N. Y. (Univ. of 
Mich.) 

Scort, Victor P., Lawrence, Kansas (Univ. 

Surrn, Ian 1., North Essendon, Victoria, 
(Royal Melbourne Tech. College, Jr. 
8S. Haunstrup & Co. Pty. Ltd.) 

Tuomrson, P. Yates, Lexington, Ky. 
Part Time Design Engr., Ky. Hwy. Dept.) 

Wapuwant, Trxam, Jackson, Mich. (Univ. of Mich., 
Part Time, Design Office, Geo. E. Snyder Assocs.) 


of Kansas) 
Australia 
Draftsman, 


(Grad. Stud., 





Tools, Materials, Services 





Under this heading note is made of producer lit- 
erature and products of presumed technical interest 
to ACI users of tools, equipment, materials, acces- 
sories, and special services. 





Flexible post-tension casing 

U-100WP identifies a new 
flexible casing with superior crushing 
strength according to the manufacturer. It is fabri- 
cated from 0.012-in. strip steel with a four-wall metal 
thickness and fully interlocking, spiral tight seam to 
support the ee tube against impact loads. 
range from 1% to 2% in. inside diameter; grouting 
inlet connections are available, factory attached, or 
in 24-in. flexible casing length sections for field splicing. 
—Universal Metal Hose Co., 2133 South Kedzie Ave., 
Chicago 93, Ill. 


Econoflex 
post-tension 


plain steel, 


Sizes 


Vacuum lifting unit for concrete products 

Four Vac-U-Lift 
and built-in hand grips for handling maneuverability 
have been installed at Calsi-Crete, Inc., Pacific, Mo. 


units with push-button controls 


Company executives report that one man now handles 
the material which formerly required four men. 

One of the four units currently in operation is used 
to remove aerated building material from steel molds 
which have been specially designed to work in con- 
junction with Vac-U-Lift. 
in planning and smoothing operations, for stacking 
and de-stacking, and for loading to road carriers 

Material shown being lifted in above photograph 
weighs 165 lb; unit has a maximum gripping or lifting 
capacity of 600 Ib; all units used are connected to over- 
head electric hoists. 

Special brochure which explains the system and 
demonstrates its versatility Vac-U-Lift 


Co., Salem, Ill. 


Other units are employed 


is available. 


Concrete extrusion machine 

An extrusion, slip-forming machine for the produc- 
tion of prestressed concrete has been introduced by 
Prestressed Equipment Co. 

According to the company the unit will produce 
two rows of 8 in. keystone joist continuously at the 
rate of 3 ft per min or the equivalent of 360 lineal ft 
of joists per hr. It runs on a flat conventional type 
of prestressing bed 15 x 20 ft wide and 400 x 600 ft 
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Just 
what 


ete he) el -3 et) 


when you add 
calcium chloride to 
portland cement? 


What happens to the early strength? Ultimate 
strength? Workability, water-cement ratio, 
density? How does it offset the adverse effects 
of low temperatures? What are its effects on 
setting time and curing? 

The facts on this use of calcium chlo- 
ride, as reported by recognized national 
authorities, are included in a 39-page 
booklet, ‘““The Effects of Caleium Chlo- 
ride on Portland Cement,’’ which we 
would like to send you. 

The addition of calcium chloride to 
portland cement mixes will produce 
proved, measurable benefits both during 
and after construction. It is not offered 
as a cure-all and will not replace proper 
design, materials or workmanship. 





SOLVAY Calcium Chloride speeds but does not 
change the normal chemical action of portland 
cement. impartial tests by the National Bureau of 
Standards proved its advantages in cold weather con- 
creting. This use of calcium chloride is recommended 
or approved by leading authorities, including American 
Concrete Institute and Portiand Cement Association. 








SOLVAY PROCESS DIVISION JC-98 
61 Broadway, New York 6, N. Y. 

Please send me, without cost or obligation, a copy 
of your 39-page book, “‘The Effects of Calcium 
Chloride on Portland Cement.” 

RE Ef 

Se! ae 

Company — 

| a 

EEE ” — Se —— 
oS a Zone____State__ 











llied SOLVAY PROCESS DIVISION 


hemical 61 Broadway, New York 6, N. Y. 


SOLVAY brench offices and dealers ore located in major centers 
from coast to coast. 


September 19 


long; electrically operated, it obtains all its tract 
from the flat bed without the need of any lugs 
special grippers cast into the bed. The machin« 
guided entirely by the prestressing strand used in + 
finished product. 

By changing the form profile, several prestress 
concrete shapes may be produced. The machine y 
be produced in two sizes. The small size macl 
will produce an 8-in. keystone joist, an 8-in. I-secti 
joist, and an 8 in. deep T-joist; it will also produ 
a 4 in. thick slab flat. The larger machine will be abi 
to take forms of various sizes to produce double t 
channels, T-joists, I-joists, and keystone sectior 
having depths up through 20 in.—Prestressed Equipment 
Co., Lakeland, Fla 


High speed concrete vibrator 

Empire’s Model AKS concrete vibrator offers tw 
sizes of vibrator heads of all steel construction, lifetim« 
lubricated and sealed against moisture and dirt 


eccentric element is mounted on double row ball 


bearings; flexible cable is reversible and features a 
simplified plug-in design for attaching engine, vibrator 
head, or coupling. Heavy duty casing for cable has 
steel spiral liner enclosed by triple wire braid and 
abrasion resistant molded rubber outer casing. 

Powered by a 5-hp Wisconsin engine with throttle 
control and centrifugal clutch, this model provides 
9000 vibrating frequencies per minute in concrete; 
four shaft lengths available. Wheelbarrow carrying 
frame pivots with the engine thereby eliminating 
interference with the flexible shaft.—Empire Corp., 
1566 S. 83rd St., Milwaukee 14, Wis 


Spray-on form release agent 

Shell form compound, form lubricant for prestressed 
concrete beams and pipe, has been placed on the 
market by Shell Oil Co. Manufacturer states this form 
release agent permits quick stripping of concrete 
members, leaves concrete with a glossy, almost marble- 
like surface, and does not build up on the forms 
making it suitable for architectural as well as structural 
grades. 

The compound is a water-emulsion material mixed 
just before use in a ratio of 1 part compound to 5 parts 
water. Cost of the emulsion is about 20 cents per gal. 
Three gal. or less will cover a full 420 ft double-tee bed. 
Ordinary spraying equipment is adequate for applica- 
tion to steel and wood forms for all types of prestressed 
structural members. The compound is said not to 











NEWS LETTER 


WATER- REDUCING ADMIXTURES FOR CONCRETE 


MARACON promotes more complete 
hydration of cement particles and per- 
mits a substantial reduction in the unit 
water content without loss of plasticity 
or consistency of the mix. Low water 
content means... 


MARACON 


GREATER 
DURABILITY 


AND BETTER CONCRETE AT LOWER COST 


With Maracon you can: 
1, LOWER CONCRETE COSTS: — 


A. Maintain slump and workability at low 
W/C ratios. 

B. Attain higher strengths without increas- 
ing cement content of a mix. 

C. Permit economical redesign of conven- 
tional concrete mixes. 


2. IMPROVE CONCRETE QUALITY: — 


A. Minimize shrinkage in concrete before 
and after hardening, due to lower water 
content and more complete hydration of 
cement, 


AS : i B. Decrease permeability. 
soo seutevetion of ths nowt feanaiene Sateen C. Achieve greater density and higher dura- 
ase ration pulp and paper mill at Naheola, bility factors. 
a ma, 


a 

od MARACON also reduces water requirements in 
DISTRIBUTORS concrete mixes containing pozzolanic materials. 
" West of the Rockies, East of the Rockies 
Hawaii and Alaska Truscon Laboratories 


Admixtures, Inc. Division of 
965 N. Fair Oaks Ave. Devoe & Raynolds Co., Inc. 
Pasadena, California 1700 Caniff, Detroit 11, Mich. MARATHON © CHEMICAL SALES DEPT. 


Use this coupon for more information. 





ROTHSCHILD, WIS. 
(Mississippi only) ; 
Ready-Mix Concrete Company A division of American Can Co. 


ridian, Mississippi Send additional information on Maracon to: — 
2 as 
COMPANY: 


MARATHON ADDRESS: 


A Division of Amertean Can Company 
SALES 
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Reduce the weight 


concrete deck slabs! 


LaClede Station Road Overpass, St. Lovis County, Missouri. 
Designed by Missouri Highway Dept., John Williams, bridge 
engineer, Jim Pasley, ass’t. Samuel Kraus Co., contractors. 


form voids with low-cost 


SONOCO 
SONOVOILD: 
FIBRE TUBES 


Best way to reduce the weight of a concrete slab is to use Sonovoip Fibre Tubes 
to displace low-working concrete at the neutral axis. You'll save concrete and 
reinforcing steel, too! 

In the deck of the LaClede Overpass (illustrated), 14” O.D. Sonovoiw Tubes 
were used to form the voids. 

Low-cost Sonoco Sonovoip Fibre Tubes have been used in decks of many bridges 
all over the country. 

These fibre tubes have been specifically developed for use in bridge decks, wall, 
floor and roof slabs and in concrete piles. For precast, prestressed units or units 
cast in place. 

Available in sizes from 2.25” to 36.9” O.D., in any length which can be shipped. 
Order in specified lengths or saw to your requirements on the job. End closures 
available. 











See our Catalog in Sweets 
HARTSVILLE, S. C. For complete information and prices write 


LA PUENTE, CALIF. 

MONTCLAIR, N. J. 

AKRON, INDIANA 

LONGVIEW, TEXAS 

ATLANTA, GA. ‘ 
as aaa Construction Products 
MEXICO, D.F. 


SONOCO PRODUCTS COMPANY 


Peeeeeeee 
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NEWS LETTER 


jr erfere with concrete paints and coatings applied to 
hitectural members. Address inquiries to Dan E. 
ndricks, Jr.—Shell Oil Co., 50 West 50th St, New 
rk 20, N. Y. 


/ dhesive for mounting polyethylene film 


4 fast-grab, high tack, waterproof adhesive, Bond- 
Z377, for 


rmanent moisture control in building construction, 


paster mounting polyethylene film for 


port runways, and similar applications has been 
Rubber & Asbestos Sturdy 
nds to concrete, wood, and a variety of other surfaces 


announced by Corp. 
are claimed. 

The material is a trowelable synthetic rubber-resin 
that quick 
grab"’ upon contact with the polyethylene film up 


ressure sensitive’ adhesive features 
to 2 hr after the mastic is applied to the concrete. 
It can be applied to the surface of the wall, floor, 
ceiling, ete., with a stiff-bristled brush or a trowel. 


—Rubber & Asbestos Corp., Dept. P, 295 Belleville Ave., 
Bloomfield, N. J. 


Pan forms for waffle ceiling 

Designed to cut waffle ceiling costs, Acousti-Domes 
permit installation by simply positioning the domes, 
placing reinforcing rods, and casting slab, according to 
the manufacturer, thus eliminating rental of forms, 
placing and removal of pans, application of acoustical 
material, and roof slab insulation. The dome forms are 
2 in. thick, made of perlite aggregate concrete, and 
measure 3 x 3 x 1 ft. Cast-in lifting lugs of wire are 
placed on opposite sides, enabling laborers to thread 
pipe through lugs for easy carrying. 

The manufacturer also reports that Acousti-Dome 
ceilings are attractive and that the textured surface 
diffuses light without glare and soundproofs the room. 
—U. S. Construction Products Co., 2242 N. 35th St., 
Milwaukee, Wis. 


Small ete block hi 

Slide-O-Matie concrete block 
power press action that exerts over 200 lb of pressure 
to make sharp, even-edged block in a smooth, easy 
operation according to a recent release by the manu- 
facturer. 





machine features a 


In further describing the 


unit the company states 
that it produces three 8 x 
8 x 16-in. block per min; 
also produces many other 
sizes and types of concrete 
block such as patio block, 
conerete brick, bull 


jamb and 


nose, 
block, 
Quick change mold box cuts 
changeover time for differ- 
ent sized block to less than 
10 min, 


corner 


Only one set of 
plain pallets of flat wood 
or steel is required. 


Machine is operated by a 1-hp electric motor or 2-hp | 
gasoline engine; it will produce 1400 block with one 
operator in an 8-hr day according to the company. 
—General Engines Co., Route 130, Thorofare, N. J. 





Now Ready! 


PRE-STRESSED 
CONCRETE 


THEORY and DESIGN 














By R. H. EVANS and E. W. BENNETT, 
both of University of Leeds. 


Provides theoretical and practical methods, stress- 
ing principles rather than details, and including 
results of recent research. Of special interest to 
practicing designers who want to know more 
about the newer techniques of pre-stressing. 


CHECK THIS TABLE OF CONTENTS: 


PART |: Analysis of Simply Supported Beams 
@ Pre-stressing and Flexure Under Working Load 
@ The Pre-stressing Force 
@ Flexura! Strength 
@ Shear and Principal Tensile Stresses 


PART Il: Design of Simply Supported Beams 
@ A Method of Design for Simply Supported 
Beams 
@ Examples of the Design of Simply Supported 
Beams 


PART Ill: Special Applications 
@ Composite Construction of Pre-stressed and 
In-situ Concrete 
® Miscellaneous Statically Determinate Structures 
@ Indeterminate Structures 
@ Liquid-retaining Structures 
@ Domes and Shells 


1958 294 pages Illus. 
Mail this coupon for 
your ON-APPROVAL copy! 





JOHN WILEY & SONS, inc. JACI-98 
440 Fourth Avenue, New York 16, N. Y. 
Please send me a copy of PRE-STRESSED CONCRETE to 
read and examine ON APPROVAL. In 10 days I will 
return the book and owe nothing, or I will remit $10.00, 
plus postage. 

PUMED. 6 ons0 00.050 evtevonees ° 

Be nvadcans o4c0 

(1) SAVE POSTA 


ment, in which case we pay postage. Same return privilege, 
of course. 
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Seamless concrete slump cone 
A seamless slump cone, designed and manufactured 


by Soiltest, Inc., is now available. The slump cone 


is made of heavy gage cad- 
sheet steel 


mium plated 


and is of one-piece con- 
struction; handles and foot 
clamps are welded in posi- 
tion, also cadmium plated 
to Made in 


form of a fustrum of a cone 


resist rust. 
with a 8in. diameter open 
base and a 4-in. diameter 
open top; height is 12 in.——Soiltest Inc., 4711 W 


North Ave., Chicago 339, Ill 


Literature Available 


Pertinent details on the latest equipment and 
products on the market are available in recently 
released literature. Exact titles of the booklets 
and catalogs are indicated in capital letters. They 
may be requested directly from the manufacturers 
listed below. 





DESIGN AND SPECIFICATION 
TIGHT MASONRY (OM-S8A) 


outlines six important considerations to be given in 


OF 
Six-page 


WATER- 

bulletin 
designing watertight walls. Among other 
the 


portioning of 


masonry 
selection and 
of 
ibility of brick and mortar, importance of shrinkage 
and the played 
proofing in aiding both workmanship and watertight- 
ness.—The Master Builders Co., 7016 Euclid Ave., 
Cleveland 3, Ohio 


things discussion covers the pro- 


ingredients, types mortar, compat- 


control, role by Omicron mortar- 


DORIX AGGREGATE FACING de- 


scribes Dorix, a thin, concrete, facing material with a 


Brochure 


finished surface exposing 85 or more percent aggregate. 
Lists properties of the five basic forms in which the 
facing is available, showing various applications and 
installation methods. 

644 N. Woodward Ave., 


recommending proper 


Aggregate Surfaces, Inc., 


Birmingham, Mich 


SPANG STANDARD UNDERFLOOR DUCT 
(Bulletin No. 484)—Illustrated 8-page bulletin pre- 
Spang standard duct 


Howarduct) and its featured simplicity in distribution 


sents underfloor (formerly 
systems for electric power, telephone, and intercom. 
Catalog section includes detailed dimensions, various 
types and sizes of junction boxes, ducts, all accessories, 
and service fittings.—Spang-Chalfant Division of the 


National Supply Co., 2 Gateway Center, Pittsburgh, Pa 


STEELFORMS (Bulletin 300) 
trated catalog on multi-purpose Formcerete steel forms 


Twenty-page illus- 
reinforced 
and 
sets of basic I-beam steel forms, 30 different sizes of 


for precasting or prestressed concrete. 


Semi-portable interchangeable, with only four 
standard prestressed concrete I-beams can be produced. 
and 
charts included.—food Machinery and Chemical Corp., 


Lakeland, Fla. 


Custom standard forms covered; specification 


CONCRETE INSTITUTE 


September 158 


MODULAR BIBLIOGRAPHY—tThe Modular i 
ing Standards Association has announced public 
of a bibliography listing books, articles, and tec} 
papers dealing with the modular system of ec 
nated dimensioning for buildings and products 
in their construction.—Modular Building Stand 


Association, 2029 K Street, N. W., Washington 6, [ 


MODERNIZED 
(ER-3241-2) 
fact 


CEMENT 
Reprinted 
file fully 
processing operations at a recently-modernized eas 
Pennsylvania plant.—The Fuller Co., Catasauqua, 


PLANT 


from a 


FACT Fil 
technical rey 
describes 


12-page improved cen 


PRESTRESSED CONCRETE 
UNITED STATES 
street address, and city. Compiled as of June 30 
1958. $1.00 per copy.—MODERN CONCRETE, 431 
S. Dearborn St., Chicago 5, Ill 


PLANTS 


states, 


IN THE 


Listed by gives firm 


MOREHOUSE 
TIN 160 


ring dynamometers are discussed in 4-page, two color 


RING DYNAMOMETER, BULLE- 
Construction, application and operation of 
bulletin. Describes in detail the accuracy of the ring 
dynamometer as a force measuring instrument. Lists 
both general and dimensional specifications of standard 
capacity ring dynamometers.—Morehouse Machine Co., 
1742 Sixth Ave., York, Pa 


A TOUR OF THE CALAVERAS CEMENT COM- 
PANY PLANT 


cement 


Sixteen-page brochure describing the 
Thirty 
photographs and a flow chart accompany a simple ex- 


manufacturing process in detail. 
planatory text which in effect gives the reader a “tour” 
of the company’s San Andreas plant.—Calaveras Cement 


Co., 315 Montgomery St., San Francisco 4, Calif 


CECO STEELDOMES 
scribing Steeldomes, rigid, deep-drawn, one-piece units 


Sixteen-page manual de- 


for use in forming ‘‘waffle-type’’ two-way dome slab 
Contains complete tabular data covering 


and 


construction. 


sizes available voids created; includes detailed 
descriptions of erection procedure, drawings of typical 
arrangements, and illustrations showing erection 


Ceco Steel Products Corp., 5601 West 26th St., Chicago 
50, Ill. 


ACCESSORIES 
for 


FOR MICROSCOPY—Catalog of 
the field. Also 
institutional brochure describing services the company 


accessories entire microscope 
is equipped to render as consultant in fields of industria! 
light, x-ray, and electron microscopy.-—Ernest fF 


Fullam, Inc., P. O. Box 444, Schenectady 1, N. Y. 


THERMAL INSULATION OF VARIOUS WALLS 

Lightweight Information Sheet, No. 4 
furnishes convenient information on insulating values 
Tables provide 
heat 


Concrete 


of various walls and their components. 
of the over-all coefficient of 
transmission and total resistance for a number of 
different composite walls.—Expanded Shale Clay and 
Slate Institute, National Press Building, Washington, D. C 


calculated values 
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NEW ZEALAND 
PUERTO RICO 
SWITZERLAND 
THAILAND 
TURKEY 
UNITED STATES 


TECHKOTE AIR METER.. 
FIRST CHOICE AROUND THE WORLD 


The Techkote Air Meter now provides a multi-range testing instrument 
that vastly increases the usefulness of the air meter. It is now possible to 
measure accurately—within a fraction of a degree—entrained air with one 
instrument on numerous materials such as lightweight concrete, mortar, 
plaster and soil, in addition to regular concrete. 


NOW in both VY cu. ft. and 2 cu. ft. 
This outstanding new Multi-Range feature, 
together with the Nomograph and many other 
exclusives of the Techkote Air Meter, 
offers a combination unequalled in this type of 
equipment. TO BE SURE...USE THE FINEST! 


TECHKOTE Gy SoMPany 


8.6 @ £4 Fea 2. 8. 


600 Lairport Street, El Segundo, California 
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(Page Numbers refer to News Letter) 


Autolene Lubricants Company 
Colorado Fuel and Iron Corporation, Clinton Division 


Columbia-Southern Chemical Corporation 





Concrete Reinforcing Steel Institute 
Forney’s Inc 

Johns-Manville 

Lehigh Portland Cement Company 
Lone Star Cement Corporation 
Marathon 

Master Builders Co., The 
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Detailing 
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Bridges 


58 Illustrative Drawings 


The Manual of Standard Practice for Detailing Reinforced Concrete 
Structures (ACI 315-57) incorporates under one cover the previous separate 
editions on detailing of buildings and highway structures. It is a correlation 
of the latest improved methods and standards for preparing drawings for 
the fabrication and placing of reinforcing steel. Sections on detailing and 
fabricating shop practice are translated into practical examples in typical 
drawings. Spiral bound to lie fiat, it is the only publication of its kind in 
English and is meeting wide acclaim among designers, draftsmen, and 
engineering schools. 


Full Price $400 ACI Members $950 
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DISCUSSION, PROCEEDINGS V. 54 


Discussion of papers published in the January through March, 1958 JOUR- 
NALS appears in Part 2 of this September issue, as the Institute continues its 
quarterly publication of discussion. Since Part 2, September, is a part of 
Proceedings V. 54, discussion pages are numbered continuously from the 
final page of the June, 1958,JOURNAL. Proceedings V. 54 will be 
completed when papers published April through June are discussed in 
Part 2, December, 1958 along with index, errata, and contents for V. 54. 


Listed below are the papers whose discussion is published in this JOURNAL. 


Disc. 54-30 


Disc. 54-31 


Disc. 54-33 


Disc. 54-35 


Disc. 54-36 


Disc. 54-37 


Disc. 54-38 


Disc. 54-39 


Disc. 54-40 


Disc. 54-41 


Disc. 54-42 


Tentative Recommendations for Prestressed Concrete, AC|- ASCE 
Joint Committee 323 


Multistory Lift-Slab Construction, W. Sefton 


Lightweight Structural Concrete Proportioning and Control, 
George H. Nelson and Otto C. Frei 


Study of Concrete Pipe in Service, W. J. McCoy, R. J. Sweitzer, 
and M. E. Flentje 


Ultimate Strength Design of Rectangular Concrete Members Sub- 
ject to Unsymmetrical Bending, Tung Au 


Compressive Strength and Ultrasonic Pulse Velocity Relation- 
ships for Concrete in Columns, M. F. Kaplan 


Spacing of Spliced Bars in Beams, S. |. Chamberlin 


Effects of Revibrating Concrete, C. A. Vollick..............- 


Concrete for Sewage Works, E. C. Wenger.................. 


Creep of Concrete under Variable Stress, A. D. Ross 


Ultimate Resisting Moment of Beams with Compression Rein- 
forcement, Eugene Guillard 








